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ABSTRACT OF THE THESIS

Structure Activity Relationships of Microtubule (MT)-Targeting 1,2,4-Triazolo[1,5-
a]pyrimidines as Candidates for Neurodegenerative Tauopathies

by
Bobby Ray Lucero
Master of Science in Chemistry
University of California San Diego, 2019

Professor Carlo Ballatore, Chair
Professor Jerry Yang, Co-Chair

A subset of neurodegenerative diseases known as tauopathies, of which Alzheimer’s
disease (AD) is the most prominent example, are defined by the presence of proteinaceous
inclusions comprised of hyperphosphorylated tau protein within neurons. Tau has been shown to
provide stability to microtubules (MTs), key constituents of the cytoskeleton that are involved in
a variety of cellular functions, including cell communication and transport. Tau
hyperphosphorylation and mutation causes it to detach from MTs and causes them to destabilize
leading to axonal transport deficits and, ultimately, neuronal loss. A possible strategy of

therapeutic intervention calls for the development of brain penetrant MT-stabilizing agents that
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could compensate for the loss of tau function in neurons. Through a screen of non-naturally
occurring small molecules, a few selected classes of molecules were found to have advantages
over MT stabilizing natural products, in terms of synthetic accessibility and drug like
physicochemical properties. Preliminary evaluation and SAR of those selected classes led to the
identification of a preferred subset of triazolopyrimidines which were shown to be brain
penetrant, orally bioavailable, and possess other favorable pharmacokinetic properties. The
initial cellular assessment of triazolopyrimidines (TPDs) found that depending on the
substitution pattern TPDs can either preserve or disrupt MT integrity in cells. Presented here are
the design, synthesis and in vitro evaluation of a set of triazolopyrimidine congeners bearing a
range of structural modifications at position 6 and/or 7. These studies complement and expand
prior SAR studies and characterize the role that substituents of the triazolopyrimidine scaffold

can have in determining MT-stabilizing activity.
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Introduction

Though characterized by decline in cognitive function, neuron loss, and synaptic
dysfunction, the presence of senile plaques and neurofibrillary tangles (NFTSs) in an autopsied
brain is the conclusive diagnosis of Alzheimer’s Disease (AD). 2 Senile plaques are formed
primarily of deposits of the amyloid  (AB) peptide, while NFT are composed of protein tau
aggregates. Much of the research in AD have focused on identifying therapeutics that decrease
levels of AP peptides and consequently, senile plaques. Despite strong preclinical data, no AP
targeting therapeutics have demonstrated clinical efficacy.? In the last several years, an increase
in tau-focused research can be observed. This is, in part, caused by the discovery that inherited
forms of Parkinsonism and frontotemporal dementia resulted in mutations in the tau gene*® —
illustrating that tau aggregates are involved in the neurodegenerative process rather than just

indicators of dying neurons.

In addition to AD, the presence of tau aggregates are characteristic of many
neurodegenerative diseases including corticobasal degeneration, progressive supranuclear palsy,
and Pick’s disease.’” Tau is a microtubule associated protein (MAP); in cells, microtubules (MTs)
are responsible for cell movement, intracellular transport machinery, and structure. In neurons,
MTs that lie in the axons form polarized linear arrays between the synapses and the cell body,
providing both structural support and serve as a track for motor proteins in intracellular
transport.® As a MAP, tau provides stability to the MTs in axons,® regulation of motor proteins
kinesin and dynein,'® 1* and modulate the accessibility of MT-severing enzymes.!? 13 The
formation of tau aggregates are caused by hyperphosphorylation by various kinases,** which

cause tau to lose affinity for MTs, misfold, and aggregate to form NFTs (Figure 1). The loss of



the MT-stabilizing function of tau leads to alterations in MT dynamics and organization, and

consequently to axonal transport defects (Figure 1).1>7

Relrograde Axonal
MT-bound Tau ,ﬁfﬁwﬂ teome?
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Figure 1. The role of Tau on MT dynamics and organization. Tau stabilizes MTs in axons. Under pathological
conditions tau becomes hyperphosphorylated and disengaged from MTs with a consequent disruption of MT
integrity and axonal transport. Disengaged tau then becomes misfolded and aggregates to form NFTs.

One of the possible strategies to treat tau-mediated neurodegeneration is to compensate
for the loss of MT-stabilizing tau function by administering exogenous, brain-penetrant MT-
stabilizing compounds.*® A number of MT-stabilizing agents have been studied in preclinical
animal models of human tauopathies.® Paclitaxel (1, Figure 2), was the first MT-stabilizing
compound to be investigated in tau transgenic (Tg) mice (T44).1" These studies, which
established that treatment with 1 resulted in a recovery of axonal transport deficits that are
observed in vehicle treated T44 mice, provided a first in vivo proof-of-concept validating the
therapeutic strategy. However, since T44 mice exhibit tau pathology in motor neurons that
reside outside of the central nervous system (CNS), 1 was not required to gain access into the

brain in order to be effective. Since paclitaxel is known to have very limited ability to traverse
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the blood-brain barrier (BBB), this compound could not be considered for further studies in
animal models that recapitulate tau pathology in the CNS.*° Originally of interest for their
antifungal properties, epothilones, were found to have MT-stabilizing properties like that of
taxol.?’ One analogue, Epothilone D (EpoD, 2, Figure 2) was confirmed to penetrate the BBB
and exhibited a long brain half-life.%® In vivo studies in tau Tg mice showed that EpoD was
efficacious at the onset of tau pathology*® and also in models with developed
neurodegeneration,?! and confirmed by further independent studies by Bristol-Myers Squibb.??
Dictyostatin (3, Figure 2) was isolated for interest in its antineoplastic properties in 19942
shared similar MT-stabilizing activity as EpoD, and was both brain penetrant and retentive.?*
Further studies showed that at the low dose of 0.1 mg/kg dictyostatin showed the desired effects,

but at higher doses led to gastrointestinal complications and death of some PS19 mice.?®

Paclitaxel (1) Epothilone D (2) Dictyostatin (3)

Figure 2. Selected, representative examples of MT-stabilizing natural products

While different naturally occurring compounds have been identified that show promising
combination of MT-stabilizing properties and brain penetration, these molecules generally lack
the oral bioavailability found in promising drug candidates and had to be administered
intravenously.'® Additionally, several of these (e.g., EpoD 2 and dictyostatin 3) are found to be
potent inhibitors of the P-glycoprotein (Pgp) which could lead to CNS toxicities.?® For these

reasons, the development of alternative MT-stabilizing compounds that are suitable for CNS
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indications is clearly desirable. In the recent years, a number of non-naturally occurring MT-
stabilizing agents have been reported (Figure 3). Several of these compounds exhibit potential
advantages over the existing classes of MT-stabilizing natural products, in terms of drug-like
physicochemical properties and synthetic accessibility. Studies in the laboratory evaluated
various non-naturally occurring agents — including triazolopyrimidines (TPD; 4, 5, and similar
compounds), phenylpyrimidines (PPD; 6 and similar compounds) — based on MT-stabilizing
ability, Pgp interactions, pharmacokinetic (PK) properties, and brain pharmacodynamic (PD)
effects. QB1293 cells were used to monitor increase in acetylation of a-tubulin (AcTub) — a post-
translational modification that occurs in polymerized tubulin.?” The study showed that the
compounds increased AcTub, exhibited desirable pharmacokinetic (PK) properties, such as good
brain penetration and oral bioavailability, and did not disrupt Pgp function.?® Among PPDs,

compound 51549 (6, Figure 3) was found to be both brain penetrant and orally bioavailable.
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Figure 3. Representative examples of Non-naturally occurring MT-stabilizing agents.



Among TPDs, one particular example, cevipabulin (4, Figure 3), was known to possess
promising drug-like properties including oral bioavailability, water solubility (0.89 mg/mL), and
MT-stabilizing activity higher than that of EpoD.?® Although cevipabulin was unable to cross the
BBB and therefore would not be of any therapeutic use for neurodegenerative disease,?® small
changes to the terminal amine present in the side chain result in brain penetrant derivatives, such
as 51555 (5, Figure 3). Thus, based on these promising findings, TPDs and PPDs were selected
for further studies. Interestingly, investigations into the MT-stabilizing properties of TPDs and
related PPDs in cell-based assays of MT-stabilization revealed that varying the scaffold (i.e.,
TPD or PPD) or substitution pattern results in molecules that can either promote MT stabilization
or, conversely, disrupt MT integrity.>® For example, an evaluation of a representative set of TPDs
and PPDs for their ability to produce elevations in known markers of stable MTs,3! such as
acetylated and de-tyrosinated a-tubulin (AcTub and GluTub, respectively), in cells revealed that
typically the PPDs (e.g., 51549, 6, Figure 3) produce an unusual bell-shaped concentration-
response curve in these assays. In addition, these compounds cause a concentration-dependent
decrease in total cellular a- and B-tubulin resulting from proteasome-mediated degradation with a
visible reduction of MT networks.*® Interestingly, although similar observations were made for
some TPDs, such as 51555 (5, Figure 3), replacement of the alkoxide chain of these molecules
with a fluorine atom (e.g. 51597, 7, Figure 4) had a dramatic positive impact on the MT-
stabilizing properties of the compounds as demonstrated by the fact that the latter molecule
caused the desired linear concentration-dependent increase in MT stabilization and MT mass in
cells, without decreased cellular tubulin levels or changing MT morphology.3® The observation
that specific structural features within the TPDs are critical to elicit an increase in MT stability

and mass led to a more systematic exploration of the SAR of the TPD scaffold.
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total tubulin. A) results from CNDR-51597, exhibiting class | characteristics. B) Results from CNDR-51555 that
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Design and Preliminary SAR

Since the ultimate goal would be to develop CNS-active, MT-stabilizing molecules that
would be able of compensating for the loss of tau function in tauopathy neurons and maintain
appropriate MT-structures in their axons, ideally, MT-stabilizing compounds should increase
levels of AcTub and gluTub (markers of MT-stabilization), without affecting total a-Tub and B-
Tub levels. Results from CNDR-51957 showed that, in vitro, there was a linear dose response in
the AcTub assay with the concentrations tested (10 nM, 100 nM, 1 uM, and 10 uM). CNDR-
51957 also maintained levels of a-Tub and B-Tub in active doses and did not show altered MT
structure. Compounds eliciting this kind of cellular response are potentially appropriate for
treatment of tauopathies and are classified as “Class I’ compounds (Figure 4A). CNDR-51555,
on the other hand, produced a bell-shaped dose response in the AcTub assay and were found to
disrupt the integrity of MT-network causing a decrease total levels of a-Tub and B-Tub, similar
to the undesirable response described above for PPD compounds. Compounds eliciting this kind

of cellular response are classified as “Class 11" (Figure 4B) and are likely unsuitable for

tauopathy treatment.
Relatively tolerant to modification and is Different fluorination patterns are
not a key determinant of phenotype. acceptable
Metabolic “soft-spot” Most potent compounds

contained least one fluorine in the
Important role in determlnlng potency / ortho position

cr,

Substitutions are
tolerated but led to N"N _
diminished potency Alkoxy or heteroatom side

Cl

chain leads to very potent
/' Class Il compounds

Replacement of the TPD ring Small subset of

with PPD ring lead to undesirable substitutions studied:
altered MT structure and tubulin chloro- is clearly
degradation preferred

Figure 5 Summary of preliminary SAR with example compounds of differing fluorination patterns, alkoxide chain
replacements, amine fragments, chloro replacements and scaffold replacements.



Preliminary SAR studies were performed, and results are summarized in Figure 5. The
SAR explored included an investigation of the amine fragment at C7 (a); the fluorination pattern
of the phenyl ring linked at C6 (b); the nature of the alkoxide chains (c); the effect of replacing
the halogen at C5 (d); and the effect of substitutions at C2 (e).The amine fragment at C7 was
found to be relatively tolerant to modification and is not a key determinant of phenotype (Class |
vs I1). However, this fragment has shown to be the metabolic “soft-spot” and therefore plays an
important role in determining both potency and ADME-PK properties. Generally, lipophilic
aliphatic amines at C7 appeared to be preferred for optimal MT-stabilizing activity. Examination
of the nature of the alkoxide chain, found that compounds made with varying chain lengths and
different substituents on the terminal amine led to compounds that varied only in levels of
activity but still elicited the undesirable Class 11 phenotype. Compounds lacking the side chain
and bearing different fluorination patterns on the phenyl ring were evaluated: active compounds
were Class I. This result indicated that the fluorination pattern may be important in determining
the phenotype elicited by these TPDs; moreover, the presence of one or more fluoro substituents
in the ring can have impacts in terms of potency. In particular, it was found that in order to retain
appreciable MT-stabilizing activity at least one fluoride had to remain in the ortho-position on
the phenyl ring. Of all the compounds tested, the 2,4,6-trifluorophenyl pattern remained the most
active. A few substitutions on C2 and C5 were also explored. The C2 position was substituted
with a methyl and a phenyl group, both of which resulted in reduction of potency. The chloro
substitution at C5 was replaced with a methyl group or different amines, resulting generally in
dramatic reduction of potency without qualitative changes of cellular response. While these
preliminary findings tell us that phenotype is dictated primarily by the substitution in C6 and

potency is dictated by the substituents at C2, C5, and C7, additional SAR is necessary to better



define the structural determinants for Class and potency, and ultimately identify candidates for

future clinical development.
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Figure 6. Structure of CNDR-51657.

Among the previously evaluated compounds, CNDR-51657 (8, Figure 6) was chosen for
full characterization and in vivo testing.*° The compound exhibited the desired MT-stabilizing
activity including increased AcTub levels, increased gluTub levels, and maintained levels of a-
Tub and B-Tub. Additionally, the compound displayed a desirable brain-to-plasma (B/P) ratio of
2.7 indicative of BBB permeability. In vivo testing began with pharmacodynamic studies by first
confirming that compound treatment resulted in elevated AcTub levels in the CNS of wild type
(WT) mice after peripheral administration. The results of these studies revealed that the
compound elicits the desired MT-stabilizing activity in the brain. Moreover, although CNDR-
51657 exhibit relatively short half-life in both brain and plasma (~1-2h), the pharmacodynamic
studies showed that the MT-stabilizing effect was retained for an extended period after drug
clearance. Evaluation of compound efficacy and safety was conducted by administering for 3
months either 10 or 3 mg/kg of CNDR-51657 to 9-month-old female PS19 tau Tg mice, which
exhibit low but discernable tau pathology. The results from these in vivo efficacy/tolerability
studies demonstrated that low, infrequent dosing of TPD, CNDR-51657, was effective in
normalizing the MT-deficits of the tau Tg mice and in reducing tau pathology in the CNS.
Moreover, compound treatment was not associated with overt signs of toxicity. However, despite

in vivo support of a TPD as MT-stabilizing agent, prototype CNDR-51657 may feature



suboptimal properties as clinical candidate, including limited aqueous solubility (~50 uM) and
rather short plasma half-life in mice (~1-2 h). These findings further support a need for a better
TPD compound that has suitable pharmacokinetic profile, all while having comparable or better
activity.

In order to identify a clinical candidate, more compounds need to be designed,
synthesized, and evaluated to expand the SAR. Based on what is known from the existing SAR,
a number of details still need to be investigated. For example, we know that the replacement of
the fluorine with an alkoxy-group can have a dramatic effect in determining the MT-stabilizing
activity of the compounds (i.e., Class | vs Class Il phenotype), but further studies are needed to
more accurately define the stereo-electronic properties of the substituent in the para position that
may be important to elicit Class | phenotype. Likewise, although it was found that a variety of
different amines can be tolerated at C7, several details concerning the nature and characteristics

of the fragment linked at C7 remain unclear and need to be elucidated.

PDB code: SNJH

Figure 7. The Co-crystal structure of a TPD bound to tubulin (right) and the TPD compound from which it was
resolved (left).

During the preliminary SAR, the crystal structure of a class | TPD MT-stabilizing
compound bound to tubulin was solved (Figure 7).3? This crystal structure has enabled us to use
computation methods in designed new TPD compounds. In silico methods for the amine

substitution at C7 have been developed and has allowed for us to screen many commercially
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available amines to prioritize for synthesis and evaluation; and in an iterative process, results are
fed back to improve the existing in silico calculations to result in further compounds that are
predicted to be potent.

The goal is to develop a more comprehensive SAR to elucidate the structural
determinants of Class | and Class Il compounds, and with better understanding of the SAR, we
could develop compounds with better drug-like properties, and of desired cellular phenotype for
treatments in neurodegenerative tauopathies. Lead compound CNDR-51657, had good results in
vitro and in vivo and is orally bioavailable but with what was known of the SAR at the time of
the development left some questions unanswered. Further understanding of the SAR could
optimize the MT-stabilizing activity and metabolic stability of the compound. Ultimately the
information obtained from the SAR will allow us to design novel compounds that exhibit the
desired Class | phenotype, while having a suitable ADME-PK and physicochemical profile that

would identify a potential clinical candidate.
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Synthesis
During the course of this thesis project, a total of 30 TPD derivatives have been
synthesized, bearing modification at the fragment linked at C7 and/or the phenyl ring at C6. The
general synthetic approach to access most of the TPD analogues is depicted in Scheme 1 and is
largely based on published reports.?® 333* In general all test compounds were synthesized at 30 mg
scale, which was considered sufficient to complete both in vitro characterization of biological
activity, as well as a preliminary assessment of in vivo PK. The structural integrity and purity of

each test compound was determined by NMR, HRMS, and IR (see Appendix).

Br
- . -
R1

R1 Me. X=F (9) = NO,, X= -F (11)

= Cl, X=-F (10) = Me, X -F(14) R‘ ON, X=- Fm)
= CI, X=-F (15) = CN, X=-H (13)
R1= NO,, X=-F (16)
1= CN, X=-F (17)
1= CN, X=-H (18)
o o CFs
o X R1 )\NHX R1
EtO OEt c d N
F X , <N\N X ¢ \)N\\
J\ NN
Ry R1 Me, X=-F (19) R1 “C"IeXX‘I;F(;i‘)‘)
= Cl, X=-F (20)
14-18 = NO,, X=-F (21) R1= NO,, X=-F (26)
4= CN X=-F (22) R4= CN X=-F (27)

Rq= CN, X=-H (23)

R;=CN, X=-H (28)

Scheme 1. Synthesis of TPD derivatives 24-28. Reagents and reaction conditions: (&) Diethyl malonate,
NaH, CuBr, dioxane 60-100 °C (60-80%), 16 hr; (b) Diethyl malonate, K,COs, DMF, 60 °C (73-85%), 5 hr; (c) 3-
amino-1,2 4-triazole, tributylamine, 170 °C, 2 hr; (ii) POCls, 130 °C (59-90%), 6 hr; (d) (S)-1,1,1-trifluoropropan-2-
amine, DMF, 50 °C (45-90%), 1-16 hr.

The synthesis of compounds with varying R1 followed similar methods, beginning with
commercially available diethyl malonate and fluorinated benzenes (Scheme 1). Compounds 14

and 15 were synthesized in good yields (60-80%) by coupling diethyl malonate and the
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appropriate difluorobromobenzenes (9 and 10) in the presence of NaH, and stoichiometric CuBr

at elevated temperatures (60 to 100 °C), via a modified Hurtley arylation®>-38

adapted from
procedure.®®* Nucleophilic aromatic substitution of 11-13 with diethyl malonate afforded
compounds 16-18 in good yields (73%-85%). Cyclocondensation of 14-18 with 3-amino-1,2,4-
triazole at 170 °C afforded crude bisodic salts that were used without further purification,
followed by subsequent bis-chlorination using POCls at 130 °C, with yields up to 90%.
Compounds 19-23 were usually adequately pure as determined via NMR and used in the next
step without further purification. From 19-23, TPD analogues 24-28 were synthesized by
chemoselective nucleophilic substitution of (S)-1,1,1-trifluoropropan-2-amine in DMF to replace
the 7-chloro exclusively,?® 34 also confirmed by X-ray crystallography. Substitution of 9-chloro

was not observed. All final compounds were purified using reversed phased HPLC and were

95+% in purity.

CF & |
)\;HF E )\NHF SN
NIV
a <//
</J\ NJ\N/ a’
7 29
G | €Fs Q I CFy 0.0 |
/I\NHF SN NHF SioNN )\NHF SN
N\N A b N~
- " s N
</ J\ </ J\ ' </N/J\ ” F
N” cl
29 30 31
CFs CFs
)\NHF NO, )\NHF NH,
) —C> N\N A
<J\ Sy
26 32

Scheme 2. Synthesis of compounds 29-32 Reagents and reaction conditions: (a) 3-mercapto-N,N-dimethylpropan-
1-aminium chloride, NaH, DMSQ, 60 °C; (b) m-CPBA, CH.Cly, r.t.; (¢) NH4ClI, Fe, ethanol/water, 80 °C.
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Compound 29 was synthesized from nucleophilic aromatic substitution of the fluoride in
compound 7 and with 3-mercapto-N,N-dimethylpropan-1-aminium chloride in DMSQO, in the
presence of NaH in good yield (81%). Compound 29 was oxidized using m-CPBA, resulting in
both compounds 30 and 31 (32% and 52%, respectively), which were separable via reversed
phased HPLC. Compound 32 was synthesized from the Bechamp reduction® %° of compound 26,

resulting in good yield as well (69%).

CF,
F F F F
cl )\o
a
N- N-
N7 . NTX
¢ ¢
NJ\N cl NJ\N c
19 33
F F
cl
</N\N N CF; O ) b R
N/J\ Pz F o+ o~
N Y= tBu
Y= tBu (34)
19 Y= Me (35) Y= tBu (36) 38

Y= Me (37)
2
</ \ X
’;fliﬂ“

Scheme 3. Synthesis of 33-39. Reagents and reaction conditions: (a) 1,1,1-trifluoropropan-2-ol, NaH, THF, 60 °C
(37%); (b) LIHMDS, THF, -78 °C; (c) TFA, CHCl, (68%) r.t.; (d) LiCl, DMSO, 140 °C, 3h (46%); (e) LiOH,
Water/Methanol r.t. 16h.

Starting from dichloride 19, which was previously described,?® compound 33 was
synthesized from substitution of the 7-chloro with 1,1,1-trifluoropropan-2-ol in the presence of
NaH at 60 °C, resulting in 37% yield. LCMS analysis suggested that substitution of the para-
fluoro of the phenyl ring formed as well, though the byproduct was not fully characterized.

Initial attempts at the synthesis of final compound 38 was to synthesize and add ester 35 to 19
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using LIHMDS in THF at -78 °C and follow this by an in situ decarboxylation of intermediate 36
using lithium hydroxide in a water/methanol mixture to yield 38. This method was adapted from
a procedure* that was used to generate the same type of alkyl linkage to a TPD scaffold;
however, it did not yield the desired compound. This led to the isolation of intermediate 35 to
attempt decarboxylation at different conditions varying pH and temperature to find that there
were no reactions occurring. Subjecting 36 to Krapcho decaboxylation*? conditions found that
compound 39 was formed exclusively as confirmed by X-ray crystallography. It was later
confirmed that 39 was also made from the previously mentioned conditions (i.e., Scheme 3). One
possibility that was speculated is that the presence of trace amounts of water could lead to the
undesired byproduct and another synthesis had to be designed that used anhydrous conditions
and an intermediate that could be cleaved under milder conditions. Desired compound 38 was
ultimately made using a similar approach instead attaching tert-butyl ester 34 to 19 in THF, in
the presence of LIHMDS at -78 °C to afford intermediate 37 followed by decarboxylation by

using TFA in CH2Cl. at room temperature.

0

Figure 8. Pictures of the Parallel synthesis set-up (left) and the preparative reverse phase preparative HPLC.
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Scheme 4. Synthesis of compounds 40-58. Reagents and reaction conditions: (a) Amine, DIPEA, r.t. (5-95%), 1-
16h

Compounds 40-58 with varying amine substituents at R> were synthesized in one step by
reacting the appropriate TPD dichloride and amines. Nucleophilicities of the amines that
afforded compounds 40-48 allowed the reactions to be conducted in parallel followed by an
automated reverse phase preparative HPLC purification (Figure 8). Compound series 51-58 were
synthesized in a similar manner to produce compounds in generally good to excellent yields (5—

95%) with the sole exception of compounds 54, and 58 which were only obtained in amounts

that provide a partial characterization.
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Results and Discussion

All test compounds were evaluated by collaborators at the University of Pennsylvania in
a previously described cell-based assay of MT-stabilization,*® in which compound-dependent
changes in tubulin polymerization and total tubulin levels were determined after 4 h of
incubation of QBI293 cells with 1 and 10 uM compound via quantification of acetylated a-
tubulin and total tubulin in cell lysates by ELISA. Previous evaluations of the MT-stabilizing
activity of selected examples of TPDs in this assay revealed that the nature of the substituent in
the para position of the fluorinated phenyl can elicit one of two distinct cellular responses. The
first is characterized by a linear concentration-dependent increase of markers of stable MTs (i.e.,
acetylated- and detyrosinated-a-tubulin) with no effect on total tubulin levels, which is typically
observed in compounds fluorinated in the para position (e.g., 7); and the other by a proteasome-
dependent degradation of tubulin that is often accompanied by a bell-shaped concentration-
response relationship that may not always manifest at typical assay concentrations, with such
compounds typified by those bearing the dimethylaminopropanoxy side-chain (e.g., 6). To
facilitate the presentation and discussion of the SAR results, we will refer here to these two
distinct cellular responses as “Class I” and “Class II”, respectively, and TPDs 5 and 6 are used as
comparators and defining examples of these classes. The results are shown in the tables below
where the SAR examines the affects changes in the substituents in (A) the para-position of the
phenyl ring at C6 and (B) the fragment linked at the C7 position of the TPD scaffold, which are

designated Ry and R2 respectively.
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Table 1. Activities (AcTub, a-Tub) at 1 uM and 10 uM, and Class of TPD compounds with varying R1. All
compounds were tested against a vehicle-treated control. 2AcTub is measured as fold-increase in acetylated alpha-
tubulin versus the control. Pa-Tub is the total level of a-tubulin. “Two distinct TPD phenotypes are observed: Class |
and Class I1. Class | compounds are characterized by a linear dose response in the AcTub assay with the
concentrations tested and by maintained levels of a-Tub in active doses. Class Il compounds are characterized by a
decrease in total levels of a-Tub. Class Il compounds are classified as compounds that lead to a-Tub reduction by at
least 20% at any concentration tested. NS=Not significant. *Compounds were previously synthesized by other
members of the lab.

CF,
)\NHF Ry
N-n~ X
</N7I\N/ a’
Compound R ACIE?: at Acl'(l;ufr:at a_-lrl:ltr): at a-l'lg)usr‘;]at Class®
7 -F 2.78 £0.17 5.04 £ 0.45 1.18 £0.09 1.22+£0.18 |
6 -O(CH2)sN(CHa)2 132+ 18 1924014 | 074+005 | 0.40+0.01 I
24 -Me 1.62+£0.18 2.73x0.18 0.99 £ 0.09 0.78 £ 0.07 ]
25 -Cl 1.88 £0.03 4.20 £0.17 0.93+£0.02 0.81+£0.06 |
26 -NO; 3.24 £ 0.36 6.65 + 0.45 0.96 £0.01 0.94 + 0.05 |
22 -CN 1.90 £ 0.06 3.56+0.31 0.94 +0.02 0.95+0.05 |
32 -NH, NS NS NS NS NA
59* -H 2.20+0.13 5.28 £ 0.54 1.06 £0.14 1.02 £0.04 |
60* -OH 122£073 | 411+076 | O84E00T | g57.002 I
61* -OMe 3.16 £ 0.29 2.07 £0.07 0.72£0.09 0.51+0.05 ]
62* -CF3 1.09+£0.04 1.39+£0.11 1.06+£0.02 1.02£0.03 |
29 -S(CH2)sN(CHz)2 3.90 + 0.66 1.49+£0.48 0.83+0.05 0.73+0.59 ]
30 -S(0)(CH2)sN(CHs) NS NS NS NS NA
31 -5(0)2(CH2)sN(CHs); NS NS NS NS NA
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Table 2. Activities (AcTub, a-Tub) at 1 um and 10 um, and Class of TPD compounds with varying R,. All
compounds were tested against a control vehicle. 2AcTub is measured as fold-increase in acetylated alpha-tubulin
versus the control. Pa-Tub is the total level of a-tubulin. “Two distinct TPD phenotypes are observed: Class | and
Class 1. Class | compounds are characterized by a linear dose response in the AcTub assay with the concentrations
tested and by maintained levels of a-Tub in active doses. Class Il compounds are characterized by a decrease in total
levels of a-Tub. Class I compounds are classified as compounds that lead to a-Tub reduction by at least 20% at any
concentration tested. NS=Not significant.*Compounds were previously synthesized by other members of the lab.

F

F

Rz
NENFSN
<
NJ\N ot
Compound R AcTub? at AcTub? at a-Tub® at a-Tub® at Class
P i 1um 10 pm 1pum 10 pm
49 TH 0.97 £0.15 1.75+0.03 0.94+0.01 0.95+0.02 |
41 : TH 2.03+0.04 4.83+0.04 1.07 £ 0.05 0.99 +£0.05 |
63* O\NH 1.13+0.11 3.51+0.19 1.07 £ 0.05 0.99 + 0.05 |
.
64* N 1.14 £ 0.37 2.74+0.23 1.12+0.31 1.18 £ 0.10 |
o
65* (Nj 2.21+0.36 5.84+1.38 1.23+£0.05 1.20+£0.22 |
A
66 Q 4164097 | 687+004 | 099+003 | 0994004 | |
.
67* Q 3.70+£0.32 7.16 £0.11 0.99+0.03 0.99 + 0.04 |
e
42 W\NH NS NS NS NS NA
43 \(NH NS NS NS NS NA
d
68* \L/NH 2.04+0.11 479+0.74 1.03+0.07 1.06 £ 0.08 |
A
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Table 2. Activities (AcTub, a-Tub) at 1 um and 10 um, and Class of TPD compounds with varying R». All
compounds were tested against a control vehicle. 2AcTub is measured as fold-increase in acetylated alpha-tubulin
versus the control. Pa-Tub is the total level of a-tubulin. “Two distinct TPD phenotypes are observed: Class | and
Class 1. Class | compounds are characterized by a linear dose response in the AcTub assay with the concentrations
tested and by maintained levels of a-Tub in active doses. Class Il compounds are characterized by a decrease in total
levels of a-Tub. Class Il compounds are classified as compounds that lead to a-Tub reduction by at least 20% at any
concentration tested. NS=Not significant.*Compounds were previously synthesized by other members of the lab.
Continued.

F F
R
N-p X
<L
N/I\N af
Compound R AcTub?at | AcTub?at | a-TubP at a-Tub® at Class
P 2 1pm 10 pm 1pum 10 pm
46 ENH 2.68 5.06 1.04 0.97 I
e
47 YNH 1.37 3.21 1.12 1.02 |
69* NS NS NS NS NA
NH
Ao
70* ©\NH NS NS NS NS NA
71* OINH NS NS NS NS NA
.
72% ke NS NS NS NS NA
HO
45 El\j NS NS NS NS NA
A
s
50 \lNH 1.29 4.60 1.12 1.02 |
F
44 TH NS NS NS NS NA
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Table 2. Activities (AcTub, a-Tub) at 1 um and 10 um, and Class of TPD compounds with varying R». All
compounds were tested against a control vehicle. 2AcTub is measured as fold-increase in acetylated alpha-tubulin
versus the control. Pa-Tub is the total level of a-tubulin. Two distinct TPD phenotypes are observed: Class | and
Class Il. Class | compounds are characterized by a linear dose response in the AcTub assay with the concentrations
tested and by maintained levels of a-Tub in active doses. Class Il compounds are characterized by a decrease in total
levels of a-Tub. Class Il compounds are classified as compounds that lead to a-Tub reduction by at least 20% at any
concentration tested. NS=Not significant. *Compounds were previously synthesized by other members of the lab.
Continued.

F F
Ra
N-NX
¢
N/I\N Cl F
Compound R AcTub? at AcTub? at a-TubP at a-TubP at Class
P 2 1pum 10 pm 1pum 10 pm
40 Cp NS NS NS NS NA
A
HO
48 N NS NS NS NS NA
N
CF;
33 Ao NS NS NS NS NA
Ao
CF,
0.78 £
38 )ﬁ 230£059 | 229+038 103007 | I

Exploration into the structural determinants of Class Il compounds started with the design
of compounds 60 and 61 that would represent complete truncation of the alkoxide chain in Ra.
The compounds—although at different potencies—were found to elicit the Class Il phenotype.
Compound 25 was then synthesized to assess if a different halo-substituent would be tolerated. It
was discovered that a chloro-substituent resulted in decrease in potency compared to that of 7,
and reduction of total a-tubulin levels at 10 puM that is just above the threshold set for Class Il
classification (20% reduction in a-tubulin). An interesting observation can be made from
compounds 24 and 62. Compound 24 and its isosteric analogue 62 resulted in different biological
responses. While compound 24 with the methyl group resulted in a Class Il phenotype,
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compound 62 with the trifluoromethyl group resulted in Class I. These results in combination
with the results of the preliminary SAR—which only evaluated terminal amine substitutions of
the alkoxide chain present in 6 and various homologs thereof—suggest that it is not a steric
factor that influences phenotype but more the electronic factor of the substituent present at C6.
With this observation in mind, additional compounds were designed to further explore the effects
of C6 groups with varying electronegativities on the phenotype and potency. Compounds 22 and
21—containing electron-withdrawing groups (EWGS) cyano- and nitro group, respectively— are
both active Class | compounds and therefore best support this finding. Both compounds showed
comparable activity to comparator Class | compound 7.

To further elucidate the SAR at R1, compound 29 was synthesized, followed by 30 and
31. Compound 29 bearing the thioether resulted in a Class Il compound that is weakly active.
Compounds 30 and 31, the sulfoxide and sulfone derivatives, were synthesized in effort to
combine the effects of having an EWG in Ry and the carbon chain length present in potent Class
Il compound 6 but resulted in inactive compounds. One possible explanation for this is that the
sulfur, sulfoxide, and sulfone add too much steric bulk that renders the compounds unfit for
binding to the active site.

Compounds 40-50 were synthesized as a result of an in-silico screening iteration. These
compounds were found to be mostly inactive at the tested concentrations with a few exceptions.
Compounds 40-43 provided information that would be important for the completion of the SAR.
There is a trend that activity in Rz is greatly influenced by both size and lipophilicity of the
amine fragment. Endocyclic, tertiary amine compounds 64-67 appear to follow a pattern in
which increasing ring size lead to more potent compounds. Compound 67 bearing the 8-

membered endocyclic amine, however, resulted in decrease of activity compared to that of the 7-
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membered endocyclic amine 66. This break in pattern suggests that there may be a steric
limitation at the C7 site, and that ring sizes greater than 7 lead to increasing steric hindrance.
Amines containing larger rings and ring systems 40 and 48 are inactive, which further supports
the observation of this steric limitation. Exocyclic, secondary amines 41, 49, and 63, however, do
not follow a distinct pattern. Compound 41 with the secondary amine bearing the cyclopentane
group is more potent than that of 49 bearing the cyclobutane group and 63 bearing the
cyclohexane group. Compounds 69 and 70 bearing aryl and benzy! rings were also evaluated and
found to be inactive. Since a number of ring-bearing amines, including cyclohexane bearing 63,
are active, these results suggest that having unsaturated fragments lead to loss of activity. This
observation is further supported by inactive compounds 71 and 72, which both contain
unsaturated amine fragments at C7.

Compound 50 bearing the 3-thietane was surprisingly active considering compound 49
bearing the cyclobutane show very little activity. This may be due to the fact that the thietane
group is sterically larger than the cyclobutane group; this observation follows the trend
mentioned in which larger fragments are preferred at C7. A similar conclusion can be made of
compound 45 which bears the smaller 3-hydroxyazetidine fragment, which in addition to the
smaller ring size has a more polar hydroxy group leading to a less lipophilic, inactive compound.
Compounds 42, 43, and 68 further show the importance of having a sterically bulky, branched
amine fragment. While compounds 42 and 43 were inactive, changing the degree of branching to
a more bulky, branched tert-butyl fragment in compound 68 yielded a potent compound.
Compounds 46 and 47 bearing the cyclopropyl fragments showed good activity with the

sterically larger compound 47 showing a more potent response comparable to that of 68. It
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should be noted that compounds bearing the moiety present in 47 have been previously evaluated
as a tert-butyl isostere.*®

Compounds 33 and 39 were synthesized to gain a better understanding of the nature of
the substituent directly at the R, including substituents that do not have nitrogen. Replacing
from an amine to an ether linkage in 33 resulted in a compound with no activity in the tested
concentrations. This suggests that having an oxygen directly at the R position lead to loss of
activity and are therefore not of interest. Alkyl analogue 38 surprisingly resulted in a compound
with moderate Class Il activity. This result suggests that while various amine fragments at R2 do
not influence the phenotype, non-nitrogen atoms at R> can have an impact on the phenotype and
can lead to undesirable Class Il type cellular response. Results from these compounds further
support the observation that an amine substitution at R> is necessary to obtain desirable, potent,
Class | compounds.

As previously mentioned, compound 22 bearing the cyano- group at R retained the
desired phenotype and activity. It is also expected that the predicted lipophilicity of the scaffold
would decrease to a more acceptable range, compared to that of comparator compound 7.
Additionally, the preliminary SAR found that compounds bearing at least one fluorine in the
ortho position of the phenyl ring lead to the most potent compounds. These compounds are also
predicted to have a lower lipophilicity than the standard 2,4,6-fluorination pattern found in
compound 7. Thus, based on the new elements of SAR defined as part of this study, second-
generation compounds 51-58 were designed and synthesized that combine features expected to
provide optimal Class | activity while keeping overall physicochemical properties within a

desirable range. Results are summarized in Table 3.
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Table 3. ClogP and AcTub of compounds with varying Ri, R» and phenyl ring substitutions. 2CLogP values
calculated from ChemDraw. All compounds were found to be class I and only levels of AcTub are shown.
*Compounds were previously synthesized by other members of the lab.

Compound CLogP? AcTub® Compound CLogpP® AcTub®
:(NHF F Q F F
2.14 (1 uM) 4.16 (1 uM)
NN 4.64 NENESN 4.21
{ 2.57 (10 uM ¢ 6.87 (10 UM
<N/J\N/ af (10 uM) N/I\N/ o’ (10 uM)
8* 67+
:(NHF CN ( ) Q F CN ( )
2.5(1uM 6.5 (1 uM
NISVEEN 3.93 NERPEN 3.50
\ 35(10uM) | ¢ 11.5 (10 uM)
<N7I\N/ an NJ\N/ af
53 51
\( F CN Q F. CN
WNH
4.4 (1 uM) In
NN 3.79 NN 335
<N/*N/ 3 7.3 (10 uM) <N/*N/ N Progress
57 55
X T s
SSNH F ‘o1 5.70 (1 uM) FsC” “NH 100 312 (1 uM)
CNTY T d2opm) | ¢y 91 6.78 (10 um)
N7I\N/ ot N e
73*
70*
:kl: CN F3ij\lHF CN
Iy 433 In N- 420 In
SN ' Progress | ¢ Y T T ' Progress
N7I\N/ af NT N e
52 54
X .
ST g | AS@rmy |0 T 4.05 In
e ' 75(0pM) | ¢V ' Progress
N/J\N/ cl N N/ Cl
56 58

The calculated values of partition coefficients between n-octanol and water (CLogP) of

each compound in Table 3 confirm that when the degree of fluorination in the phenyl ring is
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decreased and/or replaced with a cyano- group at Ry, the lipophilicity decreases per compound
series. As shown in Table 3, compounds with less fluorine counts in the C6 phenyl ring lead to
compounds with lower lipophilicity (CLogP). This trend can be seen in all parallel compounds:
compounds 55-58 bearing the 2-fluoro, 4-cyano phenyl ring have lower CLogP values than that
of compounds 51-54 bearing the 2,6-difluoro, 4-cyano phenyl group. Compounds 51-58 have
lower ClogP values than that of compound 8, 70, 67, and 73 bearing the 2,4,6-trifluoro phenyl
ring. There results confirm that the C6 substitution can be altered not only to affect phenotype

and improve potency, but also to improve ADME-PK and physicochemical properties.

As expected, these compounds retained Class | phenotype, as well as maintained or
improved potency. Perhaps the most interesting result lies with the compounds that were
designed to improve upon lead candidate CNDR-51657 (8). Compound 53 bearing the 2,6-
fluoro-, 4-cyano- phenyl substitution demonstrated comparable potency to that of CNDR-51657;
compound 57 bearing the 2-fluoro, 4-cyano phenyl substitution, on the other hand, demonstrated
increased potency. These compounds are very informative in designing the next generation of

MT-stabilizing TPD compounds.
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Conclusion

MT-stabilizing triazolopyrimidines hold promise as candidate therapeutics for
Alzheimer’s disease and related neurodegenerative tauopathies. In this thesis project, 30 new
triazolopyrimidine analogues were designed, synthesized and evaluated with the goal of further
elucidating the SAR and ultimately provide guidance on what subset of molecules to prioritize in
the search for clinical candidates with optimal activity, ADME-PK and physicochemical
properties. The results of the SAR found that, in order to retain a Class | phenotype, a fluorine in
R1 is not strictly required; other groups with electron withdrawing properties are acceptable. Out
of various R substitutions and linkages (amine, amide, ether, and alkyl), active compounds
contained amine substituents. Of the amine substituents, the most potent were generally

aliphatic, branched, relatively bulky and lipophilic amines (Figure 9).

Prefers aliphatic, branched, Prefers electron withdrawing
and lipophilic amines group at the para position

Y L \e o

I YO
N‘N S8
j/ N CN

FiC” 'NH N
[
Prefers 2,6-difluoro or
2-fluoro substitution

Figure 9. SAR at the C5 prefers aliphatic, branched, and lipophilic amines, with the best results from the amine
shown (left). The phenyl substitution at C6 prefers the 2,6-difluoro, or 2-fluoro substitution pattern, with electron
withdrawing groups preferred in the para-position. It was found that having the preferred fluorination patterns in the
phenyl ring along with an EWG such as the cyano- group in the para-position could lead to compounds with
desirable MT-stabilizing activity and PK profiles.

Findings from the SAR were used to design next generation compounds, taking the
following into consideration: the preferred R substituents, the preferred phenyl ring
substitutions, and calculated LogP values. Compound designed were found to maintain
comparable or higher MT-stabilizing activity than the previously evaluated compounds

containing the 2,4,6-trifluorophenyl substitution pattern. The most interesting results from this
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screen would be of the compounds that were analogues of the previously developed lead
(CNDR-51657), compounds 53 and 57. Compound 57 containing the 2-fluoro-, 4-cyano- phenyl
substitution resulted in a significant increase in potency, in vitro, all while having a more

desirable lipophilic profile (Figure 10).

YF F TF CN
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AcTub levels (1uM)= 2.14 AcTub levels (1uM) = 4.4

Figure 10. Comparison of lipophilicity (ClogP, obtained from ChemDraw) and AcTub levels (1 uM) of previously
developed lead candidate CNDR-51657 and newly developed compound 55.

In conclusion, the findings from this thesis has led to a greater understanding of the SAR
of triazolopyrimidine MT-stabilizing compounds. The SAR elucidation has led to identification
of desirable Class | compounds with increased potency and more desirable predicted ADME-PK
and physicochemical properties. These novel compounds will ultimately help in the
identification of a clinical candidate for treatments of neurodegenerative tauopathies.

This work, in part, is coauthored with Ballatore, Carlo and Brunden, Kurt R. The thesis

author was the primary author of this work.
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Experimental

Materials and Methods.

All solvents were reagent grade. All reagents were purchased from Aldrich or Acros and used as
received. Thin layer chromatography (TLC) was performed with 0.25 mm E. Merck precoated
silica gel plates. Silica gel column chromatography was performed with silica gel 60 (particle
size 0.040—0.062 mm) supplied by Silicycle and Sorbent Technologies. TLC spots were detected
by viewing under a UV light. Melting points (mp) were acquired on a Mel-Temp Il (model :
1001) and are uncorrected. Infrared (IR) spectra were recorded on a Bruker, model Alpha
spectrometer (part number 1003271/03). Proton (*H) and carbon (**C) NMR spectra were
recorded on a 500 MHz Bruker AMX-500 spectrometer or 600 MHz Bruker Avance Il1
spectrometer. Chemical shifts were reported relative to solvents. High-resolution mass spectra
were measured using an Agilent 6230 time-of-flight mass spectrometer (TOFMS) with Jet
stream electrospray ionisation source (ESI). Single-crystal X-ray structure determinations were
performed Bruker MicroStar with an APEX Il detector, double-bounce micro-focus optics and a
Cu rotating anode source. Analytical reverse-phase (Sunfire C18; 4.6 mm x 50 mm, 5 mL) high-
performance liquid chromatography (HPLC) was performed with a Gilson HPLC equipped with
UV and mass detector. All samples were analyzed employing a linear gradient from 10% to 90%
of CH3CN in water over 8 min and flow rate of 1 mL/min, and unless otherwise stated, the purity
level was >95%. Preparative reverse-phase HPLC purifications were performed on a Gilson
instrument employing Waters SunFire preparative C1g OBD columns (5 um 19 mm x 50 mm or
19 mm x 100 mm). Purifications were carried out employing a linear gradient from 10% to 90%
of CHsCN in water for 15 min with a flow rate of 20 mL/min. Unless otherwise stated, all final

compounds were found to be >95% pure as determined by HPLC/MS and NMR.
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General Procedure A (synthesis of diethylmalonate derivatives):

To a suspension of NaH (60 wt % in mineral oil) (1.00 equiv) in anhydrous 1,4-dioxane
(previously degassed with N2) (1.75 mol/L from aryl bromide derivate) at 60°C under N diethyl
malonate (3.00 equiv) was slowly added and the resulting mixture was stirred for 10 min. CuBr
(1.20 equiv) and aryl bromide derivate were added and the reaction mixture was heated at reflux
overnight. The reaction was then quenched by adding HCI 12N (1.40 equiv) at r.t.. The mixture
was filtered, washed with H>0O, and extracted with EtOAc (x3). The combined organic extracts
were washed with brine, dried over MgSOs, filtered and concentrated in vacuo. Purification by
silica gel column chromatography or by preparative reverse-phase HPLC furnished the desired

diethylmalonate derivatives.

General procedure B (synthesis of dichloro-triazolopyrimidine derivatives):

A mixture of diethylmalonate derivate (1.00 equiv), 3-amino-1,2,4-triazole (1.05 equiv) and
tributylamine (1.05 equiv) in sealed tube was stirred at 170 °C for 2 h. After cooling at 130 °C,
toluene was added (1.00 mol/L from diethylmalonate derivative). Then, the reaction was cooled
at 50°C and an aqueous solution of NaOH (50% wt) (160 uL/mmol from diethylmalonate
derivate) was added. After that, the mixture was stirred at 0°C for 10 min and filtered. The solid
formed was washed with cooled toluene and dried. This disodic derivate (1.00 equiv) and POClIs
(17.80 equiv) were mixed in a sealed tube and heated at 130 °C for 6 h. Then, the reaction was
quenched with H20 and extracted with EtOAc (x2). The combined organic extracts were washed
with water (x5), brine, dried over MgSOs, filtered and concentrated in vacuo. The resulting

product was directly used in the next reaction without further purification.
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General procedure C (addition of the amine):

According to a reported procedure?®, to 5,7-dichloro-6-(2,4,6-trifluorophenyl)-
[1,2,4]triazolo[1,5-a]pyrimidine (19,1.0 equiv) in DMF (0.1 M) at room temperature was added
i-ProNEt (3.0 equiv) or EtsN (3.0 equiv) if necessary and the appropriate amine (3.0 equiv). The
reaction mixture was stirred for 0.5-16 h and diluted with H20. The organic layer was washed
with a 1N solution of hydrochloric acid (2x), the aqueous phase was extracted with EtOACc (3x),
and the combined organic layers were washed with brine (2x), dried (MgSO4), filtered, and

concentrated. The products were purified by flash chromatography or reverse-phase HPLC.

General procedure D (addition of the side chain):

According to reported procedure,? to a suspension of NaH (4.0 equiv) in a 2:1 mixture of
DMSO and THF (0.35 M) was added the aminoalcohol (4.0 equiv), and the mixture was heated
to 60 °C for 1 h. The resulting solution was treated with a solution of trifluoroarene (1.0 equiv)
ina 1:1 mixture DMSO and THF (0.5 M). The reaction mixture was stirred at 60 °C for 3 h and
monitored by LCMS. If the starting material remained after 3 h, additional aminoalcohol (4.0
equiv) and NaH (4.0 equiv) were added, sequentially, and the reaction mixture was heated for 16
h. Following complete consumption of the starting material, the reaction mixture was cooled to
room temperature and diluted with H.O and EtOAc. The organic layer was washed with H.O and
brine, and the combined aqueous layers were extracted with EtOAc (x3). The combined organic
layers were dried (MgSOa), filtered, and concentrated. The crude products were purified by

reverse-phase HPLC.
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Diethyl 2-(2,6-difluoro-4-methylphenyl)malonate (14):

Following General Procedure A using diethyl malonate (4.18 g, 26.10 mmol) and 2-bromo-1,3-
difluoro-5-methylbenzene (1.80 g, 8.69 mmol), silica gel column chromatography (0—8% EtOAc

in Hexanes) purification provided the title compound as a colorless oil (2.00 g, 6.99 mmol, 80%).

IH NMR (600 MHz, CDCls) § 6.67 (m, 2H), 4.83 (d, J = 3.0 Hz, 1H), 4.20 — 4.14 (m, 4H), 2.27

(d, J = 3.2 Hz, 3H), 1.22 — 1.17 (m, 6H) ppm.

13C NMR (150 MHz, CDCl3) § 166.89 , 160.75 (dd, J = 249.1, 8.1 Hz), 141.32, 115.89 — 110.83

(m), 107.42 (t, J = 18.8 Hz), 61.99 , 46.98 , 21.23 (d, J = 1.9 Hz), 13.87 ppm.
IR: 3000, 1678, 1106, 1017 cm™?

LCMS: [M + H]* 287
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Diethyl 2-(4-chloro-2,6-difluorophenyl)malonate (15):

Following General Procedure A using diethyl malonate (6.39 g, 39.57 mmol) and 2-bromo-5-
chloro-1,3-difluorobenzene (3.00 g, 13.19 mmol). Purification via silica gel column
chromatography (0—8% EtOAc in Hexanes) provided the title compound as a colorless oil (1.42

g, 4.63 mmol, 35%).

IH NMR (600 MHz, CDCls) & 6.96 (m, 2H), 4.89 (s, 1H), 4.24 (q, J = 7.2 Hz, 4H), 1.28 — 1.24

(m, 6H) ppm.

13C NMR (150 MHz, CDCls) § 166.40 , 161.05 (dd, J = 252.7, 8.8 Hz), 135.40 (t, J = 13.4 Hz),

113.18 — 112.42 (m), 109.85 (t, J = 18.8 Hz), 62.41 , 47.07 , 14.01 ppm.
IR: 2838, 1678, 1642, 1249 cm?

LCMS: [M + H]* 308
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Diethyl 2-(2,6-difluoro-4-nitrophenyl)malonate (16):

A mixture of 1,2,3-trifluoro-5-nitrobenzene (1.00 g, 5.65 mmol, 1 equiv), potassium carbonate
(1.56 g, 11.29 mmol, 2.00 equiv), and diethyl malonate (0.914 g, 5.71 mmol, 1.01 equiv), in anh.
DMF (6.37 ml) under N2 was stirred at 65°C until starting material was consumed as indicated
by TLC. The reaction mixture was cooled to r.t. and washed with 1 N HCI (50 mL) and extracted
with EtOAc (3x). The organic layers were combined, washed with satd. ag. NaCl, dried over
anh. NaxSOg, filtered, and concentrated in vacuo. Purification by silica gel column
chromatography (up to 30% EtOAc in hexanes) provided the title compound as a white solid

(1.53 g, 4.85 mmol, 86%)

IH NMR (600 MHz, CDCl3) § 7.84 (d, J = 7.2 Hz, 2H), 5.00 (s, 1H), 4.27 (g, J = 7.1 Hz, 4H),

1.28 (t, J = 7.2 Hz, 6H) ppm.

13C NMR (150 MHz, CDCls) § 165.55, 160.93 (dd, J = 254.8, 7.7 Hz), 148.60 (t, J = 11.2 Hz),

118.05 (t, J = 18.7 Hz), 108.15 — 107.61 (M), 62.84 , 47.49 , 14.04 ppm.
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Diethyl 2-(4-cyano-2,6-difluorophenyl)malonate (17):

A mixture of 3,4,5-trifluorobenzonitrile (1.00 g, 6.37 mmol, 1 equiv), potassium carbonate (1.76
g, 12.7 mmol, 2.00 equiv), and diethyl malonate (1.03 g, 6.43 mmol, 1.01 equiv) in anh. DMF
(6.37 ml) under N2 was stirred at 65 °C until starting material was consumed as indicated by
TLC. The reaction mixture was cooled to r.t., washed with 1M HCI (50 mL), and extracted with
EtOAc (3x). The organic layers were combined, washed with satd. aq. NaCl, dried over anh.
Na2SQyg, filtered, and concentrated in vacuo. Purification by silica gel column chromatography
(up to 30% EtOAcC in hexanes) provided the title compound as a white solid (1.40 g, 4.69 mmol,

73%)

IH NMR (600 MHz, CDCl3) 5 7.30 (d, J = 7.0 Hz, 2H), 5.01 (s, 1H), 4.31 — 4.24 (m, 4H), 1.29

(t, J=7.4 Hz, 6H) ppm.

13C NMR (150 MHz, CDCls) § 165.54 , 161.02 (dd, J = 254.0, 7.8 Hz), 116.78 (t, J = 18.5 Hz),

116.20 (t, J = 3.4 Hz), 115.94 — 115.48 (m), 113.88 (t, J = 12.4 Hz), 62.60 , 47.24 , 13.87 ppm.
IR: 2856, 2178, 1695 cm™

LCMS: [M + H]* 298
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Diethyl 2-(4-cyano-2-fluorophenyl)malonate (18):

To a dry flask, under nitrogen, was added 3,4-difluorobenzonitrile (4.00 g, 28.8 mmol, 1 equiv),
potassium carbonate (7.95 g, 57.5 mmol, 2.00 equiv), diethyl malonate (4.66 g, 29.1 mmol, 1.01
equiv), and anhydrous DMF (24 ml) and was heated at 65°C until starting material was
consumed based on TLC. The reaction mixture was cooled to r.t. and added to a separatory
funnel containing 50 ml of 1 N HCI. The mixture extracted with EtOAc (x3), and the combined
organic layers were washed with water and satd. ag. NaCl. The organic layer was dried over
anh. NaxSOg, filtered, and concentrated in vacuo. Purification by silica gel column
chromatography (up to 30% EtOAc in hexanes) Provided the title compound as a colorless oil

(6.73 g, 24.1 mmol, 84%)

IH NMR (600 MHz, CDCl3) 8 7.64 (t, J = 7.6 Hz, 1H), 7.47 (dd, J = 8.0, 1.6 Hz, 1H), 7.38 (dd, J

=9.2, 1.6 Hz, 1H), 4.98 (s, 1H), 4.28 — 4.18 (m, 4H), 1.26 (t, J = 7.2 Hz, 6H).

13C NMR (150 MHz, CDCls) & 166.55 , 160.04 (d, J = 252.0 Hz), 131.98 (d, J = 3.5 Hz), 128.26
(d, J = 4.0 Hz), 126.21 (d, J = 14.4 Hz), 119.23 (d, J = 26.0 Hz), 117.28 (d, J = 2.9 Hz), 113.71

(d, J = 9.8 Hz), 62.55 , 50.44 (d, J = 2.9 Hz), 14.00 .
LCMS: [M + H]* 280

IR: 2984, 2236, 1733, 1219 cm?
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5,7-Dichloro-6-(2,6-difluoro-4-methylphenyl)-[1,2,4]triazolo[1,5-a]pyrimidine (19):

Following General Procedure B using diethyl 2-(2,6-difluoro-4-methylphenyl)malonate (800 mg,
2.79 mmol) and 3-amino-1,2,4-triazole (247 mg, 2.93 mmol). Then using the intermediate
sodium 6-(2,6-difluoro-4-methylphenyl)-[1,2,4]triazolo[1,5-a]pyrimidine-5,7-bis(olate) (500 mg,
1.55 mmol) and POCl3 (4.24 g, 27.6 mmol) provide the title compound as a brown solid (334

mg, 1.06 mmol, 68%).
'H NMR (600 MHz, CDCl3) & 8.59 (s, 1H), 6.92 (d, J = 8.5 Hz, 2H), 2.46 (s, 3H) ppm.

13C NMR (150 MHz, CDCl3) § 159.92 (dd, J = 251.1, 6.6 Hz), 157.07 , 157.01 , 153.85, 144.81
(d,J=19.7 Hz), 141.44 , 113.44 , 112.74 (dd, J = 20.7, 3.5 Hz), 106.01 (d, J = 39.9 Hz), 21.88

(d, J =1.9 Hz) ppm.
IR: 3071, 1606, 1571, 1356 cm™

LCMS: [M + H]* 317
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5,7-Dichloro-6-(4-chloro-2,6-difluorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidine (20):

Following General Procedure B using diethyl 2-(4-chloro-2,6-difluorophenyl)malonate (1.2 g,
3.9 mmol)and 3-amino-1,2,4-triazole (350 mg, 4.10 mmol). Then using the intermediate sodium
6-(4-chloro-2,6-difluorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidine-5,7-bis(olate) (1.00 g, 2.92
mmol) and POCl3 (7.97 g, 52.0 mmol) provide the title compound as a brown solid (710 mg,

2.12 mmol, 73%).
'H NMR (600 MHz, CDCl3) & 8.62 (s, 1H), 7.18 (d, J = 7.1 Hz, 2H) ppm.

13C NMR (150 MHz, CDCls) § 161.29 — 159.09 (m), 157.36 , 156.45 , 153.95, 141.55 , 138.63

(t, J = 13.0 Hz), 113.78 — 113.35 (m), 112,29, 108.08 (t, J = 20.0 Hz) ppm.
IR: 3106, 1642, 1427, 1391, 1071 cm'.

LCMS: [M + H]* 336
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5,7-Dichloro-6-(2,6-difluoro-4-nitrophenyl)-[1,2,4]triazolo[1,5-a]pyrimidine (21):

Following General Procedure B using diethyl 2-(2,6-difluoro-4-nitrophenyl)malonate (500 mg,
1.58 mmol)and 3-amino-1,2,4-triazole (139 mg, 1.65 mmol). Then using the intermediate

sodium 6-(2,6-difluoro-4-nitrophenyl)-[1,2,4]triazolo[1,5-a]pyrimidine-5,7-bis(olate) (150 mg,
0.425 mmol) and POCls (1.16 g, 7.56 mmol) provide the title compound as a brown solid (100

mg, 0.289 mmol, 68%).
'H NMR (600 MHz, CDCl3) & 8.64 (s, 1H), 8.04 (d, J = 6.8 Hz, 2H) ppm.

13C NMR (150 MHz, CDCls) & 160.22 (dd), 157.70 , 156.90 , 155.39 , 154.08 , 150.51 (d, J =

10.5 Hz), 141.48 , 116.12 — 115.19 (m), 111.63 , 108.69 — 108.36 (M) ppm.
IR: 2916, 2848, 1698, 1601, 1532 cm'.

LCMS: [M + H]* 347
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4-(5,7-Dichloro-[1,2,4]triazolo[1,5-a]pyrimidin-6-yl)-3,5-difluorobenzonitrile (22):

Following General Procedure B using diethyl 2-(4-cyano-2,6-difluorophenyl)malonate (500 mg,
1.68 mmol)and 3-amino-1,2,4-triazole (148 mg, 1.77 mmol). Intermediate sodium 6-(4-cyano-
2,6-difluorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidine-5,7-bis(olate) (400 mg, 1.20 mmol) and
POCI3 (3.28 g, 21.4 mmol) provide the title compound as a brown solid (210 mg, 1.20 mmol,

53%).
IH NMR (600 MHz, CDCls) 5 8.65 (s, 1H), 7.47 (d, J = 6.2 Hz, 2H) ppm.

13C NMR (150 MHz, CDCls) & 161.21 (d, J = 6.4 Hz), 159.51 (d, J = 6.2 Hz), 157.66 , 155.57 ,

116.85, 116.62 — 116.30 (m), 115.86 (t, J = 3.5 Hz), 114.64 (t, J = 19.6 Hz) ppm.
IR: 3087, 2195, 1571, 1338, 1195 cm™

LCMS: [M + H]* 327
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4-(5,7-Dichloro-[1,2,4]triazolo[1,5-a]pyrimidin-6-yl)-3-fluorobenzonitrile (23):

Following General Procedure B using diethyl 2-(4-cyano-2,6-difluorophenyl)malonate (500 mg,
1.68 mmol)and 3-amino-1,2,4-triazole (148 mg, 1.77 mmol). Then using the intermediate
sodium 6-(4-cyano-2-fluorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidine-5,7-bis(olate) (3.00g, 9.52
mmol) and POCIz (26.0 g, 169 mmol to provide the title compound as a brown solid (1.97 g,

9.52 mmol, 67%).

IH NMR (600 MHz, CDCls) § 8.61 (s, 1H), 7.68 (dd, J = 7.9, 1.5 Hz, 1H), 7.61 (dd, J = 8.6, 1.5

Hz, 1H), 7.54 (t, J = 7.4 Hz, 1H) ppm.

13C NMR (150 MHz, CDCls) & 160.47 , 158.79 , 157.48 , 155.52 , 153.79 , 140.73 , 133.32,
128.86 (d, J = 4.6 Hz), 124.68 (d, J = 15.7 Hz), 120.42 (d, J = 24.9 Hz), 116.76 (d, J = 2.9 H2),

116.69 , 116.36 (d, J = 9.3 Hz) ppm.
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(S)-5-Chloro-6-(2,6-difluoro-4-methylphenyl)-N-(1,1,1-trifluoropropan-2-yl)-
[1,2,4]triazolo[1,5-a]pyrimidin-7-amine (24):

Following general procedure C using 5,7-dichloro-6-(2,6-difluoro-4-methylphenyl)-
[1,2,4]triazolo[1,5-a]pyrimidine (0.050 g, 0.16 mmol), (S)-1,1,1-trifluoropropan-2-amine (38 mg,

0.33 mmol). (28 mg, 0.071 mmol, 65%)

IH NMR (600 MHz, CDCls) & 8.36 (s, 1H), 6.91 (d, J = 9.0 Hz, 2H), 6.00 — 5.94 (m, 1H), 4.73

(s, 1H), 2.45 (s, 3H), 1.39 (d, J = 7.0 Hz, 3H) ppm.

13C NMR (150 MHz, CDCls) & 160.75 (dd, J = 251.4, 7.0 Hz), 160.50 (dd, J = 249.9, 7.3 Hz),
158.07 , 155.34 , 154.11 , 145.83 , 144.86 (t, J = 10.2 Hz), 124.59 (q, J = 282.1 Hz), 112.93

(ddd, J =65.8, 21.3, 4.0 Hz), 105.67 (t, J = 20.9 Hz), 92.50 , 22.72 — 20.28 (m), 15.19 ppm.
HRMS (ES+) calculated for C15sH12NsCIFs [M + H]* 392.0696, found 392.0693

IR: 1618, 1559, 1143, 840 cm™
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(S)-5-Chloro-6-(4-chloro-2,6-difluorophenyl)-N-(1,1,1-trifluoropropan-2-yl)-
[1,2,4]triazolo[1,5-a]pyrimidin-7-amine (25):

Following general procedure C using 5,7-dichloro-6-(4-chloro-2,6-difluorophenyl)-
[1,2,4]triazolo[1,5-a]pyrimidine (50 mg, 0.15 mmol) and (S)-1,1,1-trifluoropropan-2-amine (35
mg, 0.31 mmol). Purification by silica gel column chromatography (0-40% EtOAc in Hexanes)

provided the title compound as a white powder (35 mg, 0.085 mmol, 57%).

IH NMR (600 MHz, CDCl3) & 8.40 (s, 1H), 7.18 (m, 2H), 5.93 — 5.88 (m, 1H), 4.75 (s, 1H), 1.43

(d, J =6.9 Hz, 3H) ppm.

13C NMR (150 MHz, CDCls) & 160.84 (ddd, J = 253.4, 48.9, 9.1 Hz), 157.67 , 155.57 , 154.21 ,
145.82 , 138.62 (t, J = 14.0 Hz), 124.53 (g, J = 280.5 Hz), 114.47 — 113.17 (m), 51.00 (q, J =

32.9 Hz), 15.27 ppm.
HRMS (ES+) calculated for C14HsCl2FsNs [M + H]* 412.0150, found 412.0146

IR: 3000, 1571, 1517, 1142 cm'?
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(S)-5-Chloro-6-(2,6-difluoro-4-nitrophenyl)-N-(1,1,1-trifluoropropan-2-yl)-

[1,2,4]triazolo[1,5-a]pyrimidin-7-amine (26):

Following general procedure C 5,7-dichloro-6-(2,6-difluoro-4-nitrophenyl)-[1,2,4]triazolo[1,5-
a]pyrimidine (70 mg, 0.20 mmol) and (S)-1,1,1-trifluoropropan-2-amine (48 mg, 0.42 mmol).
Purification by silica gel column chromatography (0—40% EtOAc in Hexanes) provided the title

compound as a white powder (75 mg, 0.18 mmol, 88%).

IH NMR (600 MHz, CDCls) 5 8.41 (s, 1H), 8.00 (m, 2H), 5.99 (d, J = 10.6 Hz, 1H), 4.78 (s, 1H),

1.46 (d, J = 6.8 Hz, 3H) ppm.

13C NMR (150 MHz, CDCls) & 161.15 (dd, J = 257.2, 5.8 Hz), 160.73 (dd, J = 255.3, 6.1 Hz),
156.78 , 155.75 , 154.37 , 150.43 (t, J = 10.5 Hz), 145.80 , 124.47 (g, J = 282.2 Hz), 116.00 (t, J
=20.5 Hz), 108.53 (ddd, J = 61.2, 27.3, 4.0 Hz), 90.62 , 51.38 (q, J = 32.1 Hz), 15.20 (d, J = 1.5

Hz) ppm.
HRMS (ES+) calculated for C1aHgCIFsNeO2 [M + H]* 423.0390, found 423.0384

IR: 1618, 1530, 1489, 1143, 1043 cm™
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(S)-4-(5-Chloro-7-((1,1,1-trifluoropropan-2-yl)amino)-[1,2,4]triazolo[1,5-a]pyrimidin-6-yl)-

3,5-difluorobenzonitrile (27):

Following general procedure C using 4-(5,7-dichloro-[1,2,4]triazolo[1,5-a]pyrimidin-6-yl)-3,5-
difluorobenzonitrile (30 mg, 0.094 mmol) and (S)-1,1,1-trifluoropropan-2-amine (22 mg, 0.190
mmol). Purification by silica gel column chromatography (0—40% EtOAc in Hexanes) provided

the title compound as a white powder (20 mg, 0.050 mmol, 54%).

IH NMR (600 MHz, CDCls) 5 8.41 (s, 1H), 7.44 (t, J = 7.1 Hz, 2H), 6.00 (d, J = 10.7 Hz, 1H),

4.77 (s, 1H), 1.45 (d, J = 6.9 Hz, 3H) ppm.

13C NMR (150 MHz, CDCl3) & 161.28 (dd, J = 256.4, 5.9 Hz), 160.87 (dd, J = 254.7, 6.0 Hz),
156.84 , 155.68 , 154.32 , 124.46 (q, J = 282.1 Hz), 116.58 (t, J = 11.8 Hz), 116.47 (ddd, J =
67.6, 25.4, 4.1 Hz), 115.79 (d, J = 3.5 Hz), 114.93 (t, J = 20.0 Hz), 90.61 , 51.27 (g, J = 32.2

Hz), 29.83 , 15.14 ppm.
HRMS (ES+) calculated for C1sH9NsCIFs [M + H]* 403.0492, found 403.0486.

IR: 2923, 2239, 1617, 1556, 1141 cm™
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(S)-4-(5-Chloro-7-((1,1,1-trifluoropropan-2-yl)amino)-[1,2,4]triazolo[1,5-a]pyrimidin-6-yl)-

3-fluorobenzonitrile (28):

Following general procedure C using ) 4-(5,7-dichloro-[1,2,4]triazolo[1,5-a]pyrimidin-6-yl)-3-
fluorobenzonitrile (40 mg, 0.13 mmol) and (S)-1,1,1-trifluoropropan-2-amine (31 mg, 0.27
mmol). Purification by reversed phase HPLC provided the title compound as a white powder (31

mg, 0.070 mmol, 54%).
Mixture of atropoisomers

IH NMR (600 MHz, CDCls) 5 8.41 (s, 1H), 7.68 (ddd, J = 7.8, 3.8, 1.5 Hz, 1H), 7.61 (ddd, J =
8.4, 3.8, 1.5 Hz, 1H), 7.57 (t, J = 7.4 Hz, 1H), 7.50 (t, J = 7.3 Hz, 1H), 5.94 (d, J = 11.0 Hz, 1H),

5.57 (d, J = 10.8 Hz, 1H), 4.97 (s, 1H), 4.50 (s, 1H), 1.40 (d, J = 6.9 Hz, 3H) ppm.

13C NMR (150 MHz, CDCl3) 8 161.29 (d, J = 52.0 Hz), 159.61 (d, J = 50.4 Hz), 156.65 (d, J =
24.9 Hz), 155.72 (d, J = 11.0 Hz), 154.20 (d, J = 57.5 Hz), 145.65 (d, J = 62.8 Hz), 135.00 (d, J
= 2.0 Hz), 133.84 (d, J = 2.2 Hz), 129.21 (d, J = 4.2 Hz), 124.97 (dd, J = 16.2, 13.1 Hz), 124.67
(qd, J = 282.3, 34.7 Hz), 120.62 (dd, J = 74.3, 25.2 Hz), 116.67 (d, J = 2.8 Hz), 116.33 (dd, J =

9.3, 5.2 Hz), 97.66 , 96.61 , 51.26 (dg, J = 37.9, 31.8 Hz), 15.13 , 14.99 ppm.

HRMS (ES+) calculated for C1sH10CIF4Ns [M + H]* 385.0586, found 385.0589.
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(S)-5-Chloro-6-(4-((3-(dimethylamino)propyl)thio)-2,6-difluorophenyl)-N-(1,1,1-

trifluoropropan-2-yl)-[1,2,4]triazolo[1,5-a]pyrimidin-7-amine (29):

Following General Procedure D using 3-mercapto-N,N-dimethylpropan-1-aminium chloride (449
mg, 2.88 mmol) (S)-5-chloro-6-(2,4,6-trifluorophenyl)-N-(1,1,1-trifluoropropan-2-yl)-
[1,2,4]triazolo[1,5-a]pyrimidin-7-amine (285 mg, 0.720 mmol) and NaH (60 wt % in mineral oil)
(230 mg, 5.76 mmol) the reaction was stirred at 60 °C overnight. Purification by preparative
reverse-phase HPLC provided the title compound as a crystalline solid (290 mg, 0.586 mmol,

81%).

IH NMR (600 MHz, CDCls) 5 8.34 (s, 1H), 6.97 (d, J = 8.3 Hz, 2H), 4.89 (s, 1H), 3.06 (t, J = 7.2
Hz, 2H), 2.58 (s, 1H), 2.47 (t, J = 7.0 Hz, 2H), 2.26 (s, 7TH), 1.89 (q, J = 7.1 Hz, 2H), 1.40 (d, J =

6.9 Hz, 3H) ppm.

13C NMR (150 MHz, CDCl3) § 160.99 (dd, J = 252.9, 6.7 Hz), 160.68 (dd, J = 251.8, 6.9 Hz),
157.96 , 155.29 , 154.20 , 146.06 , 145.40 (t, J = 10.3 Hz), 124.62 (g, J = 282.2 Hz), 110.50 —
109.10 (m), 104.75 (t, J = 20.7 Hz), 92.35 , 57.96 , 50.90 (q, J = 31.9 Hz), 45.27 , 41.01 , 29.98 ,

26.33, 15.09 ppm.
HRMS (ES+) calculated for C1gH21CIFsNeS [M + H]* 495.1152, found 495.1148

IR: 2820, 1579, 1535, 1356 cm™*
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To a solution of (S)-5-chloro-6-(4-((3-(dimethylamino)propyl)thio)-2,6-difluorophenyl)-N-
(1,1,1-trifluoropropan-2-yl)-[1,2,4]triazolo[1,5-a]pyrimidin-7-amine (50 mg, 0.100 mmol) in
CHClI> (1.00 ml) was added MCPBA (70%, 25 mg, 0.100 mmol). After 2 hr, the reaction
mixture was concentrated in vacuo and purified by reversed phase HPLC (30, 17 mg, 32%) and

(31, 27 mg, 52%)).
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5-Chloro-6-(4-((3-(dimethylamino)propyl)sulfinyl)-2,6-difluorophenyl)-N-((S)-1,1,1-
trifluoropropan-2-yl)-[1,2,4]triazolo[1,5-a]pyrimidin-7-amine (30):

IH NMR (600 MHz, CDCls) 5 8.37 (s, 1H), 8.19 (s, 1H), 7.02 (d, J = 8.0 Hz, 2H), 6.69 (s, 1H),
5.41 (s, 1H), 3.76 — 3.67 (m, 2H), 3.40 (d, J = 10.2 Hz, 7H), 3.22 — 3.15 (m, 2H), 2.44 — 2.37 (m,

2H), 1.43 (d, J = 6.9 Hz, 3H) ppm.

13C NMR (150 MHz, CDCls) 3 166.95 , 161.56 (dd, J = 253.3, 6.8 Hz), 160.98 (dd, J = 252.6,
6.6 Hz), 157.65 , 155.36 , 154.85 , 146.84 , 125.91 (q), 112.00 — 110.04 (m), 107.56 — 105.57
(m), 92.69 , 68.14 , 57.73 (d, J = 11.8 Hz), 51.16 (q, J = 31.8 Hz), 29.62 (d, J = 2.0 Hz), 22.63

(d, J=1.7 Hz), 14.82 ppm.
HRMS (ES+) calculated for C19H21CIFsNsOS [M + H]* 511.1101, found 511.1100.

IR: 3053, 1589, 1535, 1178 cm™*
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(S)-5-Chloro-6-(4-((3-(dimethylamino)propyl)sulfonyl)-2,6-difluorophenyl)-N-(1,1,1-
trifluoropropan-2-yl)-[1,2,4]triazolo[1,5-a]pyrimidin-7-amine (31):
Mixture of atropoisomers

IH NMR (600 MHz, CDCls) & 8.38 (s, 1H), 8.11 (s, 1H), 7.50 (dd, J = 16.6, 7.4 Hz, 1H), 7.17 (d,
J=7.0Hz, 0.5H), 5.88 (s, 0.5H), 5.59 (s, 0.5H), 3.86 — 3.78 (m, 1H), 3.77 — 3.70 (m, 0.5H), 3.69
~3.62 (m, 1H), 3.36 (dd, J = 25.9, 3.6 Hz, 6H), 3.40 — 3.27 (m, 0.5H), 2.99 — 2.90 (m, 1H), 2.51

—2.40 (m, 1H), 2.36 — 2.26 (M, 1H), 1.42 (dd, J = 6.9, 2.9 Hz, 3H) ppm.

13C NMR (150 MHz, CDCl3) § 167.52 , 163.09 — 161.10 (m), 161.44 (ddd, J = 256.9, 21.4, 4.9
Hz), 157.00 , 156.86 , 155.45 — 155.33 (m), 155.12 , 129.28 — 119.96 (m), 112.17 (td, J = 20.5,
4.6 Hz), 109.28 — 107.40 (m), 92.88 , 92.30, 67.84 , 67.54 , 58.59 , 58.51 , 57.34 , 56.93 , 52.19 ,

51.77,51.29 (td, J=31.8,17.1 Hz), 15.61, 15.10, 14.68 , 14.46 (d, J = 1.7 Hz) ppm.
HRMS (ES+) calculated for C19H21CIFsNsO2S [M + H]* 527.1050, found 527.1045.

IR: 3285, 1589, 1535, 1142 cm™*
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(S)-6-(4-amino-2,6-difluorophenyl)-5-chloro-N-(1,1,1-trifluoropropan-2-yl)-
[1,2,4]triazolo[1,5-a]pyrimidin-7-amine (32):

To a solution of (S)-5-chloro-6-(2,6-difluoro-4-nitrophenyl)-N-(1,1,1-trifluoropropan-2-yl)-
[1,2,4]triazolo[1,5-a]pyrimidin-7-amine (25 mg, 0.059 mmol) in 0.100 ml of 1:1 water :
methanol was added iron powder (17 mg 0.30 mmol) and ammonium chloride (13 mg, 0.24
mmol). The mixture was stirred at 80 °C for 2h and then filtered and rinsed with hot methanol.
The filtrate was evaporated in vacuo, and the resulting mixture was purified by HPLC to afford

the product as a white solid (16 mg, 0.041 mmol, 69%).

IH NMR (600 MHz, CDCls) 5 8.37 (s, 1H), 6.37 (t, J = 9.8 Hz, 2H), 5.93 (s, 1H), 4.86 (s, 1H),

4.28 (s, 2H), 2.17 (s, 1H), 1.41 (m, 3H) ppm.

13C NMR (150 MHz, CDCls) 3 161.86 (ddd, J = 246.8, 32.1, 8.7 Hz), 158.99 , 155.32 , 154.09 ,
151.02 (t, J = 13.9 Hz), 146.15, 130.31 , 128.98 , 124.72 (q, J = 281.8 Hz), 98.19 (ddd, J = 63.6,

25.1, 3.2 Hz), 97.13 (t, J = 21.1 Hz), 92.99 , 50.71 (q, J = 32.4 Hz), 31.08 , 15.35 ppm.
HRMS (ES+) calculated for C14H11CIFsNs [M + H]* 393.0648, found 393.0646

IR: 3341, 1651, 1614, 1587, 1346 cm™
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5-Chloro-6-(2,4,6-trifluorophenyl)-7-((1,1,1-trifluoropropan-2-yl)oxy)-[1,2,4]triazolo[1,5-

a]pyrimidine (33):

Sodium Hydride (15 mg, 0.376 mmol) suspended in THF (3.0 ml) was added 1,1,1-
trifluoropropan-2-ol (34.1 uL, 0.376 mmol) and stirred at reflux for 2 hrs. After 2 hrs at reflux
5,7-dichloro-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidine ( 100 mg, 0.313 mmol)
was added at rt. The reaction mixture was stirred for 20 min before the reaction was quenched
with water (5 ml), and extracted with EtOAc (3x). The mixture was dried in vacuo and purified

by silica gel column chromatograph (46 mg, 37%).

IH NMR (600 MHz, CDCl3)  8.51 (s, 1H), 6.89 — 6.77 (m, 2H), 6.21 — 6.12 (m, 1H), 1.63 (d, J

= 6.6 Hz, 4H) ppm.

13C NMR (150 MHz, CDCls) & 164.14 (dt, J = 253.1, 15.2 Hz), 161.12 (ddd, J = 252.7, 15.1, 8.7
Hz), 160.86 (ddd, J = 251.3, 15.0, 8.6 Hz), 158.43 , 156.71 , 155.59 (d, J = 43.8 Hz), 151.92
123.23 (g, J = 281.1 Hz), 104.10 (td, J = 20.5, 4.9 Hz), 102.40 — 98.42 (m), 76.02 (g, J = 32.7,

31.8 Hz), 14.07, 12.80 ppm.
HRMS (ES+) calculated for C14HsN4CIFsO [M + H]* 397.0285, found 397.0279.

IR: 2925, 2854, 1606, 1517, 1493 cm™
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tert-butyl 2-(5-chloro-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-7-yl)-4,4,4-

trifluoro-3-methylbutanoate (36) :

To a solution of HMDS (54 mg, 70 pL, 0.33 mmol) in THF (3 mL) at -78°C was

added butyllithium (21 mg, 0.18 mL, 0.33 mmol) and the mixture was stirred at 0°C for 30 min.
Then tert-butyl 4,4,4-trifluoro-3-methylbutanoate (66 mg, 0.31 mmol) was added dropwise at -
78°C and was stirred for 1h.after stirring a solution of 5,7-dichloro-6-(2,4,6-trifluorophenyl)-
[1,2,4]triazolo[1,5-a]pyrimidine (66 mg, 0.21 mmol, 1 equiv.) in THF (500 uL) was added at -
78°C and stirred for 2.5 h and was quenched with 1M HCI. The aqueous layer was then extracted
EtOAc (2x) and washed with sat. Ag. NaCl, dried and concentrated in vacuo. The crude residue
was purified by silica gel chromatography using Hexanes/EtOAc (5-20%) to afford the product

(26 mg, 25 %) as a white solid.

'H NMR (600 MHz, CDCl3) mixture of diastereomers & 8.56 (s, 0.6H), 8.55 (s, 0.4H), 6.91 (m,
2H), 4.14 — 4.04 (m, 0.4H), 3.95 - 3.83 (m, 1.2H), 3.72 (d, 0.4H), 1.38 (d, J = 6.7 Hz, 1.3H),

1.27 (s, 3.5H), 1.25 (s, 6.8H), 0.80 (d, J = 7.0 Hz, 2H).
IR: 2922, 2852, 1598, 1736, 1493, 1460, 1441, 1371, 1271, 1252, 1201, 1182, 1173 cm’.

HRMS (ES+) calculated for C20H1sCIFsN4O2 [M + H]"495.1017, found 495.1010
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methyl 2-(5-chloro-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-7-yl)-4,4,4-

trifluoro-3-methylbutanoate (37):

To a solution of HMDS (101 mg, 130 pL, 0.627 mmol) in THF (0.632 mL) at -78°C was
added butyllithium (40 mg, 0.369 mL, 0.627 mmol) and the mixture was stirred at 0°C for 1h.
Then methyl 4,4,4-trifluoro-3-methylbutanoate (117 mg, 0.690 mmol) was added dropwise at -
78°C and was stirred for 1h.then a solution of 5,7-dichloro-6-(2,4,6-trifluorophenyl)-
[1,2,4]triazolo[1,5-a]pyrimidine (200 mg, 0.627 mmol,) in THF (500 uL) was added at -78°C
and stirred for 2.5 h and was quenched with 1M HCI. The aqueous layer was then extracted
EtOAc (2x) and washed with sat. Ag. NaCl, dried and concentrated in vacuo. The crude residue
was purified by silica gel chromatography using Hexanes/EtOAc (5-20%) to afford the product

(200 mg, 70 %) as a white solid.
Mixture of stereoisomers

IH NMR (600 MHz, CDCls) 5 8.53 (d, J = 6.6 Hz, 1H), 6.94 — 6.86 (m, 2H), 4.04 (d, J = 7.4 Hz,
1H), 3.92 — 3.85 (m, 1H), 3.62 (d, J = 10.4 Hz, 3H), 1.38 (d, J = 6.6 Hz, 1H), 0.80 (d, J = 7.4 Hz,

2H).

HRMS (ES+) calculated for C17H12CIFsN4O2[M + H]"453.0547, found 453.0542
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5-chloro-7-(3,3,3-trifluoro-2-methylpropyl)-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-

a]pyrimidine (38) :

To a solution of tert-butyl 2-(5-chloro-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-
7-yl)-4,4,4-trifluoro-3-methylbutanoate (26 mg, 53 umol, 1 equiv.) in DCM (2 mL) at rt was
added TFA (0.18 g, 0.12 mL, 1.6 mmol, 30 equiv.). The mixture was then stirred 16h at rt. It
was then diluted with DCM and quenched with a saturated NaHCO3 solution. The aqueous layer
was then extracted with DCM and the combined organic layers were dried and concentrated inv
vacuo. The crude residue was purified by HPLC to afford the product as a white solid (14 mg, 68

%).

IH NMR (600 MHz, CDCls) & 8.56 (s, 1H), 6.92 (m, 2H), 3.34 (dd, J = 13.9, 6.2 Hz, 1H), 3.22

(m, 1H), 3.05 (dd, J = 13.9, 8.4 Hz, 1H), 1.03 (d, J = 7.0 Hz, 4H).

13C NMR (150 MHz, CDCls) & 164.45 (dt, 256.7, 18.1 Hz), 160.86 (ddd, 252.2, 15.1, 9.1 Hz),
160.61 (ddd, 250.7, 15.1, 9.06 Hz), 157.19, 157.02, 154.03, 148.77, 127.25 (q, 280.11 Hz)
112.29, 106.39 (td, 21.14, 4.9 Hz), 101.48 (dtd, J = 30.1, 25.9, 4.1 Hz), 35.37 (g, J = 27.6 Hz),

30.65, 12.88.
IR: 1639, 1609, 1599, 1516, 1495, 1442, 1278, 1265, 1207, 1186, 1172, 1146, 1122 cm™

HRMS (ES+) calculated for C1sHsCIFsN4 [M + H]* 395.0493, found 395.0486
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7,9-difluoro-10-(3,3,3-trifluoro-2-methylpropyl)benzofuro[2,3-d][1,2,4]triazolo[1,5-

a]pyrimidine (39):

methyl 2-(5-chloro-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-7-yl)-4,4,4-
trifluoro-3-methylbutanoate (20 mg, 0.044 mmol), LiCl (2.0 mg, 0.044 mmol), and DMSO (200
pL) were stirred at 130 °C for 2h. purification by reverse phase HPLC provided the title

compound as a white solid (12 mg, 76%). Product confirmed by XRD.

IH NMR (600 MHz, Chloroform-d) 5 8.55 (s, 1H), 8.01 (s, 1H), 7.01 (ddd, J = 11.0, 9.3, 2.2 Hz,
1H), 6.86 — 6.79 (m, 3H), 4.11 — 4.05 (m, 2H), 3.88 —3.78 (m, 2H), 3.30 (p, J = 7.3 Hz, 1H),
3.20 (dd, J = 13.9, 5.8 Hz, 2H), 3.05 (dt, J = 15.1, 7.6 Hz, 2H), 2.79 (dd, J = 14.0, 8.7 Hz, 2H),

1.20 (d, J = 7.0 Hz, 3H), 1.02 (d, J = 7.0 Hz, 3H).

13C NMR (150 MHz, Chloroform-d) & 165.15 — 164.48 (m), 163.01 (d, J = 15.1 Hz), 162.26 —
160.00 (m), 158.41 , 156.38 , 152.47 , 150.91 , 145.88 , 143.80 , 127.47 (dd, J = 279.5, 28.1 Hz),
108.69 , 106.96 , 106.21 — 104.64 (m), 102.08 — 100.00 (m), 97.85 (dd, J = 27.4, 4.6 Hz), 36.01

(9, J = 28.3, 27.6 Hz), 30.84 , 29.86 .

HRMS (ES+) calculated for C1sHgFsN4O[M + H]* 357.0769, found 357.0768
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5-Chloro-N-(spiro[4.5]decan-6-yl)-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-

7-amine (40):

Following general procedure C using 5,7-dichloro-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-
a]pyrimidine (40 mg, 0.13 mmol) and spiro[4.5]decan-6-amine (40 mg, 0.26 mmol). Purification
by reversed phase HPLC provided the title compound as a white powder (25 mg, 0.057 mmol,

46%).

IH NMR (600 MHz, CDCls) § 8.32 (d, J = 1.4 Hz, 1H), 6.89 — 6.84 (m, 2H), 6.61 (s, 1H), 2.98
(s, 1H), 1.66 — 1.58 (m, 2H), 1.57 — 1.43 (m, 9H), 1.41 — 1.36 (m, 2H), 1.35 — 1.29 (m, 2H), 1.28

—1.17 (m, 2H) ppm.

13C NMR (150 MHz, CDCl3) § 164.07 (dt, J = 253.9, 15.1 Hz), 161.71 (ddd, J = 250.6, 14.8, 8.5
Hz), 161.40 (ddd, J = 250.6, 14.9, 8.3 Hz), 158.18 , 154.96 , 153.57 , 146.11 , 107.72 (td, J =
21.2,5.2 Hz), 100.93 (qd, J = 25.8, 4.1 Hz), 88.46 , 58.78 , 46.55 , 37.81, 30.84 , 25.88 , 25.32,,

22.03 ppm.
HRMS (ES+) calculated for C21H22CIFsNs [M + H]* 436.1510, found 436.1507.

IR: 2936, 1636, 1571, 1494, 1426 cm™*
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5-Chloro-N-cyclopentyl-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-7-amine
(41):

Following general procedure C using 5,7-dichloro-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-
a]pyrimidine (30 mg, 0.094 mmol) and cyclopentanamine (17 mg, 0.20 mmol). Purification by
silica gel column chromatography (0—40% EtOAc in Hexanes) provided the title compound as a

white powder (27 mg, 0.073 mmol, 78%).

IH NMR (600 MHz, CDCls) 5 8.31 (s, 1H), 6.84 (m, 2H), 6.42 (d, J = 8.3 Hz, 1H), 3.63 (s, 1H),

1.82 — 1.59 (m, 4H), 1.62 — 1.38 (m, 4H) ppm.

13C NMR (150 MHz, CDCls) § 163.99 (dt, J = 253.7, 15.2 Hz), 161.66 (ddd, J = 250.5, 15.0, 8.4

Hz), 158.19 , 154.93, 145.81 , 101.30 — 100.53 (m), 88.98 , 55.11 , 34.64 , 23.92 ppm.
HRMS (ES+) calculated for C16H14NsCIF3 [M + H]* 368.0884, found 368.0881.

IR: 3195, 2838, 1678, 1553 cm™
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5-Chloro-N-propyl-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-7-amine (42):

Following general procedure C using 5,7-dichloro-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-
a]pyrimidine (30 mg, 0.094 mmol) and propan-1-amine (12 mg, 0.20 mmol). Purification by
silica gel column chromatography (0—40% EtOAc in Hexanes) provided the title compound as a

white powder (20 mg, 0.059 mmol, 62%).

IH NMR (600 MHz, CDCls) § 8.33 (s, 1H), 6.84 (m, 2H), 6.48 (t, J = 5.9 Hz, 1H), 2.98 (g, J =

6.7 Hz, 2H), 1.57 (h, J = 7.3 Hz, 2H), 0.85 (t, J = 7.4 Hz, 4H) ppm.

13C NMR (150 MHz, CDCls) § 163.93 (dt, J = 253.7, 15.4 Hz), 161.77 (ddd, J = 250.6, 14.9, 8.5
Hz), 158.16 , 155.07 , 153.65, 146.36 , 107.18 (td, J = 20.8, 4.9 Hz)., 101.12 — 100.62 (m),

88.91,45.31, 29.83, 23.33, 11.04 ppm.
HRMS (ES+) calculated for C14H12NsCIF3 [M + H]" 342.0728, found 342.0725.

IR: 2923, 1573, 1439, 1122 cm™*
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5-Chloro-N-isobutyl-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-7-amine (43):

Following general procedure C using 5,7-dichloro-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-
a]pyrimidine (30 mg, 0.094 mmol) and 2-methylpropan-1-amine (14 mg, 0.20 mmol).
Purification by silica gel column chromatography (0—40% EtOAc in Hexanes) provided the title

compound as a white powder (27 mg, 0.076 mmol, 81%).

IH NMR (600 MHz, CDCls) 5 8.33 (s, 1H), 6.88 — 6.81 (m, 2H), 6.56 (t, J = 6.1 Hz, 1H), 2.84 (,

J=6.5 Hz, 2H), 1.77 — 1.70 (m, 1H), 0.84 (d, J = 6.7 Hz, 8H) ppm.

13C NMR (150 MHz, CDCls) § 164.05 (dt, J = 253.8, 15.1 Hz), 161.72 (ddd, J = 250.4, 14.9, 8.4
Hz), 158.13, 155.05, 153.63 , 146.42 , 107.31 (td, J = 20.8, 4.8 Hz), 102.26 — 98.14 (m), 88.95 ,

50.83,29.05, 19.79 ppm.
HRMS (ES+) calculated for C15sH14NsCIFs [M + H]* 356.0884, found 356.0887.

IR: 2961, 2924, 1637, 1577, 1434 cm™
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5-Chloro-N-(2-fluoroethyl)-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-7-
amine (44):

Following general procedure C using 5,7-dichloro-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-
a]pyrimidine (30 mg, 0.094 mmol) and fluoroethan-1-amine (6.5 mg, 0.10 mmol), and DIPEA
(36 mg, 0.28 mmol). Purification by reversed phase HPLC provided the title compound as a

white powder (20 mg, 0.058 mmol, 62%).

IH NMR (600 MHz, CDCls) § 8.35 (s, 1H), 6.85 (t, 2H), 6.63 (s, 1H), 4.53 (dt, J = 47.0, 4.7 Hz,

2H), 3.66 — 3.48 (m, 2H) ppm.

13C NMR (150 MHz, CDCls) § 164.08 (dt, J = 254.5, 15.2 Hz), 161.50 (ddd, J = 251.2, 15.0, 8.3
Hz), 157.85, 155.14 , 146.49 , 106.36 (d, J = 5.2 Hz), 101.78 — 100.54 (m), 89.77 , 81.56 (d, J =

171.3 Hz), 43.93 (d, J = 20.1 Hz) ppm.
HRMS (ES+) calculated for C13HoCIFsNs [M + H]* 346.0477, found 346.0479.

IR: 1626, 1597, 1567, 1557, 1034 cm™
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1-(5-Chloro-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-7-yl)azetidin-3-ol (45):

Following general procedure C using 5,7-dichloro-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-
a]pyrimidine (30 mg, 0.094 mmol), azetidin-3-ol (7.6 mg, 0.10 mmol), and DIPEA (36 mg, 0.28
mmol). Purification by reversed phase HPLC provided the title compound as a white powder (20

mg, 0.058 mmol, 62%).

IH NMR (600 MHz, CDCls) 5 8.21 (s, 1H), 6.83 — 6.76 (m, 2H), 4.71 — 4.65 (m, 1H), 4.47 (d, J

=193.8 Hz, 4H) ppm.

13C NMR (150 MHz, CDCls) & 164.05 (dt, J = 253.8, 15.3 Hz), 162.11 (ddd, J = 249.7, 14.9, 8.1
Hz), 157.76 , 154.38 , 146.39 , 106.63 (td, J = 21.0, 4.8 Hz), 100.64 (td, J = 25.9, 4.0 Hz), 89.22 ,

61.75 ppm.
HRMS (ES+) calculated for C14H10CIF3sNsO [M + H]* 356.0520, found 356.0520.

IR: 3241, 1638, 1595, 1557, 1035 cm™
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5-Chloro-N-((1-methylcyclopropyl)methyl)-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-
a]pyrimidin-7-amine (46):

Following general procedure C using 5,7-dichloro-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-
a]pyrimidine (30 mg, 0.094 mmol), (1-methylcyclopropyl)methanaminium chloride (11 mg,
0.094 mmol) and DIPEA (36 mg, 0.28 mmol). Purification by reversed phase HPLC provided

the title compound as a white powder (25 mg, 0.068 mmol, 72%).

IH NMR (600 MHz, CDCls) 5 8.36 (s, 1H), 6.92 — 6.78 (m, 2H), 6.43 (t, J = 5.2 Hz, 1H), 2.81

(d, J =5.1 Hz, 2H), 1.09 (s, 3H), 0.49 — 0.33 (m, 3H) ppm.

13C NMR (150 MHz, CDCls) & 164.93 (t, J = 15.2 Hz), 163.24 (t, J = 15.2 Hz), 161.71 (ddd, J =
250.5, 14.9, 8.4 Hz), 158.14 , 155.10 , 146.48 , 107.32 (td, J = 20.8, 4.8 Hz), 101.54 — 100.19

(m), 88.96 , 52.69 , 29.84 , 21.00, 11.94 ppm.
HRMS (ES+) calculated for C16H14CIF3Ns [M + H]* 368.0884, found 368.0881

IR: 2915, 1637, 1598, 1559, 1035 cm™
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5-Chloro-N-(cyclopropylmethyl)-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-
7-amine (47):

Following general procedure C using 5,7-dichloro-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-
a]pyrimidine (30 mg, 0.094 mmol) and cyclopropylmethanamine (15 mg, 0.21 mmol).
Purification by reversed phase HPLC provided the title compound as a white powder (20 mg,

0.057 mmol, 60%).

IH NMR (600 MHz, CDCls) 5 8.35 (s, 1H), 6.85 — 6.81 (m, 2H), 6.51 (s, 1H), 2.85 (dd, J = 7.3,

5.1 Hz, 2H), 1.06 — 0.98 (m, 1H), 0.63 — 0.59 (m, 2H), 0.20 (g, J = 5.3 Hz, 2H) ppm.

13C NMR (150 MHz, CDCl3) § 164.09 (dt, J = 253.7, 15.1 Hz), 161.80 (ddd, J = 250.5, 14.9, 8.4
Hz), 158.15, 155.06 , 153.72 , 146.13 , 107.28 (td, J = 20.8, 4.8 Hz), 101.34 — 100.49 (m), 89.03

,48.80,11.12, 3.93 ppm.
HRMS (ES+) calculated for C15H12CIF3Ns [M + H]* 354.0728, found 354.0727

IR: 2917, 2849, 1639, 1574, 1557, 1035 cm™*
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1-(1-(5-chloro-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-7-yl)azepan-2-
yl)propan-2-ol (48):

Following general procedure C using 5,7-dichloro-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-
a]pyrimidine (30 mg, 0.094 mmol) and -(azepan-2-yl)propan-2-ol (33 mg, 0.21 mmol).

Purification by reversed phase HPLC provided the title compound as a white powder (24 mg,

0.055 mmol, 58%). A mixture of stereoisomers was obtained.

IH NMR (600 MHz, CDCls) 5 8.41 (1H) , 6.92 — 6.85 (m, 2H), 4.23 — 4.15 (m, 1H), 4.01 — 3.94
(m, 1H), 3.70 — 3.63 (M, 1H), 3.32 — 3.22 (m, 1H), 2.00 — 1.93 (M, 1H), 1.69 — 1.62 (M, 6H),

1.47 - 1.38 (m, 3H), 1.33 — 1.24 (m, 3H), 1.22 — 1.13 (m, 2H), 1.10 (d, J = 6.1 Hz, 3H) ppm.

13C NMR (150 MHz, CDCls) 6 163.67 (dt, J = 253.1, 15.3 Hz), 161.47 (ddd, J = 249.7, 15.3, 8.9
Hz), 161.18 — 159.20 (m), 158.26 , 155.57 , 154.96 , 151.85, 102.52 , 101.57 — 100.94 (m),

65.25,59.74 ,47.46 ,44.85 , 34.07 , 32.84 , 30.62 , 30.61 , 29.03 , 24.69 , 24.07 ppm.
HRMS (ES+) calculated for C20H22CIFsNsO [M + H]* 440.1459, found 440.1457.

IR: 3373, 2918, 1634, 1594, 1504 cm™
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5-Chloro-N-cyclobutyl-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-7-amine
(49):

Following general procedure C using 5,7-dichloro-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-
a]pyrimidine (30 mg, 0.094 mmol) and cyclobutanamine (14 mg, 0.20 mmol). Purification by
silica gel column chromatography (0—40% EtOAc in Hexane) provided the title compound as a

white powder (25 mg, 0.071 mmol, 75%).

IH NMR (600 MHz, CDCl3) & 8.35 (s, 1H), 6.85 (m, 2H), 6.61 (d, J = 7.5 Hz, 1H), 3.71 (q, J =

7.7 Hz, 1H), 2.08 — 1.94 (m, 4H), 1.80 — 1.73 (m, 1H), 1.60 — 1.51 (m, 1H), 1.24 (s, 1H) ppm.

13C NMR (150 MHz, CDCls) & 164.03 (dt, J = 253.8, 15.4 Hz), 161.71 (ddd, J = 250.5, 15.1, 8.4

Hz), 158.22 , 155.04 , 145.33, 120.10, 102.32 — 99.71 (m), 89.07 , 48.80 , 31.96 , 14.62 ppm.
HRMS (ES+) calculated for C1sH12CIFsNs [M + H]* 354.0728, found 354.0726.

IR: 3285, 2838, 2178, 1571 cm™*
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5-chloro-N-(thietan-3-yl)-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-7-amine
(50):

Following general procedure C using 5,7-dichloro-6-(2,4,6-trifluorophenyl)-[1,2,4]triazolo[1,5-
a]pyrimidine (30 mg, 0.094 mmol thietan-3-aminium chloride (12 mg, 0.094 mmol) and DIPEA
(36 mg, 0.28 mmol). Purification by reversed phase HPLC provided the title compound as a

white powder (23 mg, 0.062 mmol, 66%)

IH NMR (600 MHz, CDCl3) & 8.36 (s, 1H), 6.92 — 6.87 (m, 2H), 6.78 (d, J = 8.7 Hz, 1H), 4.80 —

4.72 (m, 1H), 3.44 — 3.05 (m, 4H) ppm.

13C NMR (150 MHz, CDCls) § 164.30 (dt, J = 255.3, 15.2 Hz), 161.48 (ddd, J = 251.4, 15.0, 8.4
Hz), 158.14 , 155.28 , 153.79 , 144.69 , 134.44 , 128.78 — 128.34 (m), 106.39 (td, J =20.8,5.1

Hz), 101.81 — 101.09 (m), 89.94 , 51.10 , 36.13 ppm.
HRMS (ES+) calculated for C1aH10CIFsNsS [M + H]* 372.0292, found 372.0289

IR: 1610, 1555, 1437, 1034 cm
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4-(7-(Azepan-1-yl)-5-chloro-[1,2,4]triazolo[1,5-a]pyrimidin-6-yl)-3,5-difluorobenzonitrile

(51):

Following general procedure C using 4-(5,7-dichloro-[1,2,4]triazolo[1,5-a]pyrimidin-6-yl)-3,5-
difluorobenzonitrile (20 mg, 0.060 mmol) and azepane (13 mg, 0.13 mmol). Purification by
reversed phase HPLC provided the title compound as a white powder (15 mg, 0.039 mmol,

63%).

IH NMR (600 MHz, CDCls) 5 8.38 (s, 1H), 7.40 (d, J = 6.0 Hz, 2H), 3.45 — 3.39 (m, 4H), 1.78 —

1.70 (m, 4H), 1.64 — 1.60 (m, 4H) ppm.

13C NMR (150 MHz, CDCls) & 160.74 (dd, J = 253.4, 6.6 Hz), 157.14 , 155.26 , 152.10 , 118.61
(t, J = 19.7 Hz), 116.30 — 115.97 (m), 115.12 (t, J = 11.9 Hz), 97.32 , 53.99 , 51.22 , 28.27 ,

28.17 ,27.28 , 27.07 ppm.
HRMS (ES+) calculated for C1gH16CIF2Ns [M + H]* 389.1088, found 389.1085.

IR: 2928, 2857, 2238, 1589, 1515, 1422 cm*
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(R)-4-(5-Chloro-7-((3,3-dimethylbutan-2-yl)amino)-[1,2,4]triazolo[1,5-a] pyrimidin-6-yl)-

3,5-difluorobenzonitrile (52):

Following general procedure C using 4-(5,7-dichloro-[1,2,4]triazolo[1,5-a]pyrimidin-6-yl)-3,5-
difluorobenzonitrile (20 mg, 0.060 mmol) and (R)-3,3-dimethylbutan-2-amine (13 mg, 0.13
mmol). Purification by reversed phase HPLC provided the title compound as a white powder (18

mg, 0.046 mmol, 75%).

IH NMR (600 MHz, CDCls) 5 8.36 (s, 1H), 7.45 — 7.41 (m, 2H), 6.52 (d, J = 10.8 Hz, 1H), 2.94

(s, 1H), 1.02 (d, J = 6.7 Hz, 3H), 0.84 (s, 9H) ppm.

13C NMR (150 MHz, CDCl3) § 161.33 (dd, J = 253.8, 6.2 Hz), 161.05 (dd, J = 253.8, 6.2 Hz),
157.12 , 155.22 , 146.03 , 116.22 (d, J = 4.0 Hz), 116.13 — 115.95 (m), 115.95 — 115.82 (m),

58.57,34.93, 25.86 , 16.56 ppm.

HRMS (ES+) calculated for C1gH1sCIF2Ns [M + H]* 391.1244, found 391.1241.
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(R)-4-(5-chloro-7-((3-methylbutan-2-yl)amino)-[1,2,4]triazolo[1,5-a]pyrimidin-6-yl)-3,5-

difluorobenzonitrile (53):

Following general procedure C using 4-(5,7-dichloro-[1,2,4]triazolo[1,5-a]pyrimidin-6-yl)-3,5-
difluorobenzonitrile (30 mg, 0.092 mmol) and (R)-3-methylbutan-2-amine (17 mg, 0.190 mmol).
Purification by reversed phase HPLC provided the title compound as a white powder (28 mg,

0.074 mmol, 81%).

IH NMR (600 MHz, DMSO-ds) & 8.62 (s, 1H), 8.11 (t, J = 7.8 Hz, 2H), 7.88 (s, 1H), 1.78 (dq, J

=13.9, 6.8 Hz, 1H), 1.10 (d, J = 6.6 Hz, 3H), 0.74 (dd, J = 6.8, 2.9 Hz, 6H).

13C NMR (151 MHz, DMSO-ds) 3 160.71 (dd, J = 249.2, 6.8 Hz), 160.38 (dd, J = 249.5, 6.3
Hz), 155.02, 146.81 , 117.00 (ddd, J = 26.3, 12.6, 3.9 Hz), 116.48 (d, J = 3.5 Hz), 114.83 (t, J =

12.8 Hz).
HRMS (ES+) calculated for C17H16CIF2Ne [M + H]* 377.1088, found 377.1089

IR: 2966, 2220, 1690, 1562, 1422, 1204 cm™*

69



T

F3C

4 e
(R)-4-(5-chloro-7-((1,1,1-trifluoro-3-methylbutan-2-yl)amino)-[1,2,4]triazolo[1,5-
a]pyrimidin-6-yl)-3,5-difluorobenzonitrile (54):

Following general procedure C using 4-(5,7-dichloro-[1,2,4]triazolo[1,5-a]pyrimidin-6-yl)-3,5-
difluorobenzonitrile (30 mg, 0.092 mmol) and (R)-1,1,1-trifluoro-3-methylbutan-2-amine (29
mg, 0.20 mmol). Purification by reversed phase HPLC provided the title compound as a white

powder (2 mg, 0.005 mmol, 5%).

HRMS (ES+) calculated for C17H13CIFsNs [M + H]"431.0805, found 431.0800
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4-(7-(Azepan-1-yl)-5-chloro-[1,2,4]triazolo[1,5-a]pyrimidin-6-yl)-3-fluorobenzonitrile (55):

Following general procedure C using 4-(5,7-dichloro-[1,2,4]triazolo[1,5-a]pyrimidin-6-yl)-3-
fluorobenzonitrile (40 mg, 0.13 mmol) and azepane (27 mg, 0.27 mmol). Purification by
reversed phase HPLC provided the title compound as a white powder (27 mg, 0.073 mmol,

56%).

IH NMR (600 MHz, CDCls) § 8.34 (s, 1H), 7.61 (dd, J = 7.9, 1.6 Hz, 1H), 7.53 (dd, J = 8.7, 1.6
Hz, 1H), 7.48 (t, J = 7.5 Hz, 1H), 3.38 — 3.33 (m, 4H), 1.71 (dg, J = 8.0, 4.2 Hz, 4H), 1.60 (p, J =

3.0 Hz, 4H) ppm.

13C NMR (150 MHz, CDCls) 6 160.85 , 159.18 , 156.93 , 155.27, 155.18 , 151.61 , 134.44 (d, J
= 2.8 Hz), 128.60 (d, J = 3.9 Hz), 128.48 ,120.11, 119.94 , 117.09 (d, J = 2.8 Hz), 114.68 (d, J

= 9.2 Hz), 103.59, 54.05, 28.27 , 28.03 ppm.
HRMS (ES+) calculated for C1gH17CIFNg [M + H]* 371.1182, found 371.1180.

IR: 2926, 2235, 1589, 1519, 1446 cm™

71



:kF CN

NH
</J\

(R)-4-(5-Chloro-7-((3,3-dimethylbutan-2-yl)amino)-[1,2,4]triazolo[1,5-a] pyrimidin-6-yl)-3-

fluorobenzonitrile (56):

Following general procedure C using 4-(5,7-dichloro-[1,2,4]triazolo[1,5-a]pyrimidin-6-yl)-3-
fluorobenzonitrile (40 mg, 0.13 mmol) and (R)-3,3-dimethylbutan-2-amine (28 mg, 0.27 mmol).
Purification by reversed phase HPLC provided the title compound as a white powder (27 mg,

0.072 mmol, 56%).
Mixture of atropoisomers

IH NMR (600 MHz, CDCl3) § 8.41 — 8.34 (m, 1H), 7.67 — 7.61 (m, 1H), 7.60 — 7.55 (m, 1H),
7.55 — 7.49 (m, 1H), 6.37 (s, 1H), 2.94 (m, 1H), 1.01 (d, J = 6.7 Hz, 1H), 0.94 (d, J = 6.7 Hz,

2H), 0.82 (s, 5H), 0.81 (s, 4H) ppm.

13C NMR (150 MHz, CDCl3) § 161.71 — 159.28 (m), 156.76 , 156.67 , 145.96 , 135.28 (d, J =
2.4 Hz), 133.96 (d, J = 2.3 Hz), 128.65 (d, J = 4.1 Hz), 128.43 (d, J = 4.1 Hz), 119.96 (dd, J =
37.6, 25.4 Hz), 116.86 (d, J = 2.8 Hz), 115.42 (dd, J = 16.7, 9.3 Hz), 94.27 , 94.14 , 58.27 , 58.07

,35.01, 34.82, 25.77 (d, J = 1.9 Hz), 16.42 (d, J = 2.2 Hz) ppm.

HRMS (ES+) calculated for C1gH19CIFNe [M + H]* 373.1338, found 373.1338.
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(R)-4-(5-chloro-7-((3-methylbutan-2-yl)amino)-[1,2,4]triazolo[1,5-a]pyrimidin-6-yl)-3-

fluorobenzonitrile (57):

Following general procedure C using 4-(5,7-dichloro-[1,2,4]triazolo[1,5-a]pyrimidin-6-yl)-3-
fluorobenzonitrile (30 mg, 0.097 mmol) and (R)-3-methylbutan-2-amine (18 mg, 0.20 mmol).
Purification by reversed phase HPLC provided the title compound as a white powder (30 mg,

0.097 mmol, 86%).

IH NMR (600 MHz, Methanol-ds) & 8.45 (s, 1H), 7.85 (dt, J = 9.0, 2.1 Hz, 1H), 7.81 (ddd, J =
8.1, 6.6, 1.8 Hz, 1H), 7.76 (t, J = 7.5 Hz, 1H), 1.74 (dtd, J = 13.4, 6.7, 2.4 Hz, 1H), 1.10 (dd, J =

15.2, 6.6 Hz, 3H), 0.84 — 0.78 (m, 6H).

13C NMR (150 MHz, Methanol-da) § 161.91 (dd, J = 249.3, 4.2 Hz), 157.93 (d, J = 13.3 Hz),
155.38 , 155.29 — 154.81 (m), 147.88 , 136.32 (dd, J = 143.3, 2.6 Hz), 130.18 (dd, J = 10.7, 4.3
Hz), 128.29 (dd, J = 42.8, 16.8 Hz), 121.18 (dd, J = 26.0, 5.5 Hz), 118.02 (d, J = 3.2 Hz), 116.87
~ 116.06 (M), 96.68 — 94.92 (m), 34.76 (d, J = 15.6 Hz), 19.26 (d, J = 14.4 Hz), 18.79 — 18.25

(m), 17.88 (d, J = 20.5 Hz).
HRMS (ES+) calculated for C17H17CIFNg [M + H]* 359.1182, found 359.1184

IR: 2963, 2220, 1608, 1570, 1260, 1156 cm™
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(R)-4-(5-chloro-7-((1,1,1-trifluoro-3-methylbutan-2-yl)amino)-[1,2,4]triazolo[1,5-

a]pyrimidin-6-yl)-3-fluorobenzonitrile (58):

Following general procedure C using 4-(5,7-dichloro-[1,2,4]triazolo[1,5-a]pyrimidin-6-yl)-3-
fluorobenzonitrile (30 mg, 0.097 mmol) and (R)-1,1,1-trifluoro-3-methylbutan-2-amine (19 mg,
0.13 mmol)Purification by reversed phase HPLC provided the title compound as a white powder

(2.6 mg, 0.006 mmol, 10%).

HRMS (ES+) calculated for C17H14CIFsNs [M + H]* 413.0899, found 413.0894
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